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Section 1

Introduction

The object of this contract was to develop finishing systems
for lightweight metals in both olive drab and white colors.
The ultimate use of these systems would be on aircrafc,
missiles and rockets, ground transportation equipment, and
related items. The substrate of primary concern was to be
Dow 17 treated HK-3l magnesium alloy. Aluminum and steel
were to be given secondary consideration. It was understood
that any new magnesium alloys developed during the term of

the contract would also be used as substrates.

The major requirements of the system are:

1. Applicable by spray.

2. Air dry, preferably quick dry type.

3. Ability to withstand temperatures up to 500°F. for
short periods of time without losing film integrity.

4. Good film properties, such as hardness, toughness,
adhesion, flexibility, durability, and corrosion
resistance.

5. Resistance to aviation gasoline, and, if feasible,
diester lubricant.

6. GCood salt spray resistance, 2,000 hours alone, and
500 hours bimetallic coupling.

7. Quality control performed by general analytical and

performance tests.



In additior, discussion with Army Ordnance Coating and
Chemical Department personnel prior to the start of work

on the contract brought out the following items:

1. A two coat system, primer plus topcoat, was
preferable to a one coat system.

2. #2430 olive drab and untinted white were tie

desired colors for the topcoats. It was under-

stood tinat the olive drab was of primary importance.

3. The gloss of tihe complete system was to be 159-250

as measured at 60°.

4, The desired lengtin of time for the coating to retain
film integrity at 500°F. was 30 minutes minimum, If
the coating could withstand 500°F, for 2 hours, this
would be more desirable. The ability of the coating
systems to withstand more than 500°F. was also to be

evaluated,

5. The aviation gasoline to be used for test purposes
was type III high aromatic content conforming to
MIL-S-3136 while the diester lubricant was purified
tricresyl phosphate as described in specification

MIL-H-19457.




Section 11

Initial Screening of Clear Films

Since a relatively high temperature was involved in this
contract, it was believed a silicone was in order. These
organic modified inorganic polymers are well known for
their excellent heat resistance. The following silicones

and silicone copolymers were chosen for initial screening:

1, General Electric SR-17
2. General Electric SR-28
3. General Electric SR-32
4, General Electric SR-82
5. General Electric SR-98 (now CR-116)
6. General Electric SR-111
7. General Electric SR-119
8. General Electric SR-120
9. Dow Corning DC-802

10. Dow Corning DC-803

11. Dow Corning DC-805

12, Dow Corning DC-806A

13, Dow Corning DC-840

14, Dow Corning XR-261

15. Dow Corning R-4471

16. Dow Corning R-6-0031
17. Dow Corning XR-856

18, Union Carbide R-64

19, Union Carbide R-630

20, Plaskon ST-847

21, Plaskon ST-856




It was realized that while silicones possess desirable high
temperaturs properties, they are lacking in other respects
such as ability to aix dry and resistance to solvents.
Accordingly, it was decided to modify them with a variety
of organic materials to form composite resins which would
have most of the properties needed. Clear resin blends
were made containing 90, 75, and 50% silicone resin solids
(in a few cases, 25% siliesne content materisls were also
evaluated) while the remainder of the vehicle nonvolatile

matter consisted of the following orgenic reeins:

1. 1/2 second RS nitrocellulose

2. 1/2 second SS nitrocelluloses

3. 1/2 second cellulose acetate butyrate

4. Polyvinyl butyral - Bakelite XYHL

5. Acrylic - Rohm and Haas Acryloid A-101

6. Styrene butadiene - Goodyeer Pliolite S-5

7. Triezine formaldehyde - Rohm and Haas Uformite M-311

8. Polyvinyl formal - Shawinigen Formvar 7/70

9., Modified alkyd - Hercules Petrax SS
10. Epoxy ester - Midland Industrial Finishes Company R-55
11. Oxidizing alkyd - Midland Industrial Finishes Cowpany R-9
12. Oxidizing alkyd - Midland Industrial Finishes Company R-50
13. Phenolic - Bakelite BRS-2600

14. Butadiene acrylonitrile - Naugatuck Paracril CV

15. Fossil resin - RBH 510




Since fluorinated hydrocarbon resins are also noted for their
resistance to thermal degradation, some of these materials
were modified in the same manner as the silicones. The

following resins were used:

1. DuPont Viton A
2. Firestone Exon 461
3. Minnesots Mining and Manufacturing Fluorel

4. Minnesots Mining snd Manufacturing Kel-F 800

The best finishing system for magnesium alloys prior to

this contract wvas based on & polyamide cured epoxy. Con-
sequently, the entire renge of conventional bisphenol A-
'cpichlc’thydrin resins was catalyzed with verious curing
agents. Two silicone epoxy copolymers, Dow Corning XR=-6-0000,
and Midland X-46209, were investigsted st the same time. The

curing sgents used vere:

1. Versamid 100

2, Versamid 115

3. Versamid 125

4, Versamid 140

5. Genamid 250

6. Genamid 310

7. lancast A

8. Dow Corning Z-6020 and XZ-2-2023, amino
functional silanes

9, Diethylene triamine

10, Shell curing agents H-1 and H-2



Other film formers which were screened include:

1.
2,
3.
4.
5.
6.
7.
8.

9.

10,
11.
12,
13.
14,

15,

Midland R-62, a heat resistant non-oxidizing alkyd.
Spencer Kellogg XP-1078 high temperature polyurethane
Roskydol 500 polyester

Reichhold Polylite 8702 and 8703 polyesters

Rohm and Haas Paraplex P-444 polyester

Isocyanate cured Dow Corning R-6-0031

Silicones cured with experimental silazane #2311
Food, Machinery, and Cnemical Company's Oxiron
resins cured with PMDA adduct

Dow Chemical Company's epoxy novolac resing cured
with PMDA adduct

Midland X-3928 silicone copolymer

Midland X-4415 silicone copolymer

Midland X-4323 silicone copolymer

Midland X-3934 urethane prepolymer

Arciher Daniels Midland Aroflint 202-XAl1l-60 catalyzed
resin

Shell Eponol H-55,1 - B-40 linear thermoplastic

epoxy.

It was decided to perform relatively simple tests on these

resin systems to eliminate as many of them as possible and

therefore, make the more detailed evaluation much smaller

in scope., After samples were prepared, the coatings were

applied to 30 gauge steel with a 0.003" Bird applicator.

The coatings were allowed to air dry for 24 hours after

which they were tested as follows:




4.

-7 -

Air dry film properties such as dry, compatibility
in the film, and adhesion were noted. See Table 1

for key to numbers used in rating film properties.

Panels were subjected to 500°F. for periods of 30
minutes and 2 hours. Any cuange in adhesion or loss
of film integrity resulting from the heat exposure
was noted. All coatings tested became dark in color
after the heat test, See Table 1 for key to symbols

used in rating heat resistance.

After allowing tine coated panels to age for 96 nours,
solvent resistance of the coatings was determined.
Two small strips of each panel were cut, one strip
being immersed for 4 hours in MIL-S-3136 fluid and
the other being immersed for the same period in the
lubricant. Any coating which softened was allowed to
dry for 24 hours after which it was checked to see if
it had rvegained its original hardness. See Table 1

for ratings used.

The wet samples of each coating were checked for
storage stability after 1 montii. Any gelation,
stratification, or otuer ill effects were noted.

See Table 1 for key to stability ratings.




Table 1

Key to Numerial Ratings and Symbols in Vehicle Screening Tables

Rating Dry Adneszon

0 Hard Excellent

1 Tack-free but Very good
slightly soft

2 Tack-free but Good
soft

3 Slightly Tacky Fair

4 Tacky Poor

5 Very Tacky Extremely Poor

Compatibility
C - Compatible

H - Hazy

I - Incompatible

Stability
C - Compatible

H - Hazy

S - Stratified

Film Integrity
0.K. - No perceptible change except for darkening.

B - Blistered

N.G. - Extensive flaking or other loss of film integrity.

Gasoline and Lubricant Immersion_

U - Unaffected
S - Softened
D - Dissolved
24 Hour Recovery
Yes - Recovered original properties

No =~ Did not recover original properties
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Section III

Results of Screening Clear Coatings

A. Half Second Nitrocellulose Modification of Silicone Resins

1.

3,

The compatibility of unmodified silicones and nitro-
cellulose was poor while the compatibility of some of
the silicone copolymers and nitrocellulose was good.
Since most unmodified silicones are supplied with
aromatic hydrocarbon solvents, a few of the commer-
cially available 100%2 NVM silicones were dissolved

in methyl isobutyl ketone and blended with nitro-

cellulose. Compatibility was still poor.

Compatibility and resistance to MIL-S-3136 fluid and
diester lubricant were best at the 50% level of

nitrocellulose.

After the heat exposures, systems with borderline

compatibility often displayed blistering.

For the most part, the RS and SS grades of nitro-

cellulose were equivalent in performance.

For details of nitrocellulose modifications of

silicone resins, see Tables 2 and 3,
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B.

c.

-~ 19 -

Half Second Cellulose Acetate Butyrate Modification of

1.

Silicone Resins

The compatibility of silicones and half second cellulose
acetate butyrate was better than the nitrocellulose

modified silicones but was still quite poor.

Again, compatibility and resistance to the test fluids

were best at the 50% level of modifier.

Coatings which were subjected to the 500°F, heat test

performed quite well in general.

For details of cellulose acetate butyrate modifications

of silicone resins, see Table 4,

Acryloid A-101 Modification of Silicone Resins

1.

The compatibility of silicones and Acryloid A-101 was

quite good.

Resistance to the test fluids was poor with many of the

coatings being completely soluble in the fluids.

The Acryloid A-101 modified silicone coatings withstood

500°F, very well.

For details of Acryloid A-101 modifications of silicone

resins, see Table 5.
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Polyvinyl Butyral Modification of Silicone Resins

1.

The compatibility of Bakelite XYHL and silicone

resins was very poor.

Resistance to MIL-S~3136 fluid and diester lubricant

was extremely poor.

The film integrity of these coatings was good after

the 500°F. heat exposure.

For details of Bakelite XYHL modifications of silicone

resins, see Table 6.

Styrene Butadiene Modification of Silicone Resins

1.

The compatibility of Pliolite S-5 and silicone resins

was excellent,

These coatings did not air dry as well as most of the

other systems which were evaluated.

Almost all the coatings were completely soluble in

the test fluids.

Film properties after the heat exposure were good.

For details of Pliolite S-5 modifications of silicone

resins, see Table 7,
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F. Iriazine Formaldehyde Modification of Silicone Resins.
1, The compatibility of silicones and Uformite M-311 was

fairly good,

2, Many of the coatings were still quite tacky after a

' 24-hour air dry period.

3. Resistance to the test fluids, particularly to the

diester lubricant, was very poor.
4, Heat resistance was good.
5. For details of Uformite M-331 modifications of silicone

resins, see Table 8.

G. Polyvinyl Formal Modification of Silicone Resins

1. The compatibility of silicones and Formvar 7/70 was

very poor.

2. The best resistance to the test fluids was obtained

with coatings containing 50% Formvar 7/70.

3. The film integrity of the coatings after the 500°F.

heat exposure was good.

4, For details of Formvar 7/70 modifications of silicone

resins, see Table 9.
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H., Modified Alkyd (Petrex SS) Modification of Silicone Resins

1.

The compatibility of Petrex SS and silicone resins was

good.

Coatings containing Petrex SS did not air dry well.

All coatings were dissolved by the test fluids,

Heat resistance of coatings containing Petrex SS

was good.

For details of Petrex SS modifications of silicone

resins, see Table 10,

Epoxy Ester Modification of Silicone Resins

1.

The compatibility of silicone resins and Midland R-55

was generally good.

Only coatings containing 75% epoxy ester air dried

satisfactorily,

Resistance to MIL-S-3136 fluid and diester lubricant

was fair.

Heat resistance of coatings containing Midland R-~55

was good.

For details of Midland R~55 modifications of silicone

resins, see Table 1ll.
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J. Oxidizing Alkyd (Midland R-9) Modification of Silicone Resins

K.

1.

The compatibility of silicone resins and Midland R-9

was limited,

It was generally necessary to have 75% R-9 in a coating

to obtain satisfactory dry.
Resistance to the test fluids was poor.
Heat resistance was good.

For details of Midland R-9 modifications of silicone

resins, see Table 12,

Oxidizing Alkyd (Midland R-50) Modification of Silicone Resins

10

4,

The compatibility of silicone resins and Midland R-50

was limited.

Resistance to the test fluids was slightly better than
coatings containing Midland R-9, but was still

unsatisfactory.

Heat resistance was good.

For details of Midland R-50 modification of silicone

resins, see Table 13.
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L. Phenolic (Bakelite BRS-2600) Modification of Silicone Resins

1, The compatibility of BRS-2600 and silicone resins was

poor.

2, Coatings containing 75% BRS-2600 had excellent

resistance to the test fluids,
3. Most of these coatings blistered when tested at 500°F.

4, For details of Bakelite BRS-2600 modifications of

silicone resins, see Table 14,

M. Butadiene Acrylonitrile Modification of Silicone Resins

1. The compatibility of Paracril CV and silicone resins

was limited.

2, Resistance to the test fluids was poor,
3. Some of the coatings containing 75% Paracril CV

decomposed at 500°F,

4, For details of Paracril CV modifications of silicone

resins, see Table 15.




- n - n q Y d Y 9 (¢}
- a - n g \J 4 Vi 7 o
- a - a ‘N0 4 ‘A0 Y4 < 1
- n - n d 9 d 7 € 1
- - - - - - - - - 4
- - - - = - = - - 7
- 1 - n q 7 q € € o
- n - n q Vi d S S 1
- 1 - n a4 € d € € [¢)
- n - n g € q € Y 0

AJaA0D3Y °sIdumu] AJ9A009Y °*szdum] A3TII]ul Z31adequl

i B 74 ‘4 v ‘4 47 ‘ay v wuiTd ‘ypv bl § X ‘ypy UOTS3YPY LET

JuedTaqr]

P¥OId 9€TE-S-TIR

‘30052 *1 ¢ *d00Se °UTW Of WITJ PITIQ ITV

nunmn

nunn

%, 1=

wnwv

17, %]

"nun

-4 - Ll -] j==J=+ Lol -]
-mm [ - -1} - oo T oo

-
o

sz
(119
SL

ST
(119
174

114
0S
St

114
0s
174

sz
0s
SL

114
0s
SL

114
0S
174

708-0@ 9-18-10€

(%8-1S d-18-T0€

L1-8S I-T18-10¢

86-4S Qa-18-10¢

TIT-¥S J-18-10¢

19Z-¥X d-18-10¢

8Z-¥S V-18-10¢t

A377IqP3Ss WITJ UOTINTOS

Lep of

Z3TTIqTIedmo)

SUT§aY SUODTITS 3O UOTIEOTIIPON (0092-SHE 23T19Aed) oOF[ousud

%1 @198l

- 99

Z

SUOSTIIS  9pod
2TOTYA




- a - n ‘dq°O0 € °3q°0 € ” (o] S H H LA
- a - a d Vi q Vi S 0 S H H (119
- - - - = - - - - - S 1 H (74 S08-2a 0O-78-10€
- n - n M0 € ‘M0 € S (o] S H H [Y4
- a - a d Vi q Vi S 0 S H H (419
- - - - - - - - - - - - 1 SL 9¢8-¥X d-78-T0€
- n - n q € q € S 0 H H H (Y4
- d - a iAo € ‘d°o 1 1 o) S H H 0S
- - - - - - - - - - - - 1 GL 9¢8-1S V-Z8-10€
- n - n q € q € S 0 S H H ST
- - - - - - - - - - S 1 R (19
- - - - - - - - - - - - 1 LY4 611-4S W-18-10¢
- n - n ‘A0 € “d°0 € Y (o] o} H 0 L ¥4
- a ON S A0 € 30 € 1 A S I R 0s
- - - - - - - - - - - - I SL 1£00-9-8 T-18-10¢
- n - N q Vi q Vi € o S H H L4
- d - a A0 3 A0 £ £ (o] S H H 0s
- - - - - - - - - - S 1 H SL V908-2a A-I8-10¢
- 0 - n q Vi g Vi S 0 S H H (Y4
- - - - - - - - - - S I H 0S
- - - - - - - - - - S 1 H <L €08-2a H-T18-10¢
AISA009Y *saowm] A13A009Y *saawu] A3rasajul Z37a823u] _
a4 9 Ay 4 s 74 1y 4 WITg “ypv WTTg ‘Yypy uogrsaypy Xig 7Z377¥qe3s wWIId UoTanios % PUODTTTS @pod
JuedTaIqIr] PINTd 9€TE€-S~TIN *400%0 ‘14 *J00Sp °‘UTW Of WITd PATIQ ITV Lep of A3T11qTIRduo) 9TITY2A

SUTS8Y SUODTTTS JO UOTIBITITPOA (009Z-SHE 23TT19%eg) oFrousud

(penuT3u0d) #T1 31qEL

INQI




- n - n q Vi : € V] o] S H H 1Y4
- - - - - - - - - - s 1 H 0s
- - - - - - - - - - S I H <L TL79-9  1-78-10¢
- n - n ¢ € b '] € S 4] S H H 174
- - - - - - - - - - S I H oS
- - - - - - - - - - s 1 H SL  0ZT-¥S A-28-T0€
- n - n q Vi q V4 S (o] S H H 174
- - - - - - - - - - - 1 H 0§
- - - - - - - - - - - - 1 <t ¥9-¥ H-28-T0€
- n - n q Vi q Y 9 0 S H H 1 Y4
- - - - - - - - - - S I H 0S
- - - - - - - - - - - - I (Y4 0v8-3a@ 9-z8-10¢
- n - n q Vi q Vi € (o] S H H Y4
- - - - - - - - - - S I H (+]9
- - - - - - - - - - - - 1 S z8-¥s 1-78-TO€
- - - - - - - - - - S 1 H 174
- - - - - - - - - < s H H oS
- - - - - - - - - - S I H <L 0£9-¥4X 3I-78-10€
- n - n g V] g Vi S 1 S H H (YA
- - - - - - - - - S S H H 0S
- - - - - - - - - - S I H SL Z2€-4S a-z8-10¢
£39A009y “szomuy AI3A0d9y “sIsmm] A3TaTe3ul X31389307 _
‘Y yz gy ‘I vz cay g WITd TGPV wyig Py Uoyseupy__ A3q Z3TIFqe3s W14 GoTaInios ¢ SUSSTIIS 3p5)
Juedtaqrg PINTd 9€T€-S~TIN *400%0 "4 Z *d00S® ‘uTw Of WYY patig ity Lep o¢ Nu.n._”.mn.numaoo 9TOoTYyaa

SUES3Y 2UODTTTS JO UOTIBITITPON (0097-SHd 93FT99Fd) STI0GSU]
(penuT3u0d) K1 a1qel

Imol




‘-------------------------------------------------lIl---l-------1---------------lllﬂ

PaATOSSIQ - Q

s97319doad TeuydTio 19A0dax jJOU PYg - Oy pauajjyos - g
seT3zadoad yeuy3rio paasaoosy - say pa3oajyyeun - n
Al12A099y INOH %7 3JUB]ISTEaY JURDTIAQN] puB IUTTOSEH

*4£3T1393UT WITF Jo sSOT IBY3O 10 Buryery sArsULIXT - *9°N

pPa219a3sT1g - q
*3utuanaep 10y jdsoxe a3uey> ayqyadesaad oN - *)N°0

£31a8s3uT wriad

P9T3TIealS - § 97qI3edmoouy - 1
£zey - y £zey - R
31qrIedmo) - 5 @1qriedwoy - 9
AT11q83s ATTTqT30dwo)

1004 A1awealxy Ayoey Laap S

1004 £poel 4

ared L0e3 £TIYBTTS €

poo9 330s 3Inq dvay-yoE] z

330s A13y3T1S

poo8 Liap anq a3ay-oel 1

JUaT 190Xy Paey 0
uoTsaypy Xaq Futawy

s1oquis pue ssuyjey [EOfISUNN 03 Koy

lm@l




a - a A0 9 Ao S S € H 2 H L Y4
- a - a ‘A0 ¥/ D 1] Vi S € H ] H (119
- a - a d0 S *d°0 Vi S Vi S H H 174 208-2a 9D-88-10€
- a - a > ¢} 19 > ¢l S 9 0 H o H se
- a - a A0 Vi ‘A0 Vi S 0 H o} H 0s
- - = = - = - - - - - - 1 174 {78-1S d-88-10€
- a - a i Mo S ‘A0 S S 1 H 2 H 114
- a - a *d°o 9 *d°0 S S € S H H oS
- - - - - - - - - - - - 1 SL L{1-8S 3I-88-T0¢t
- a - a a0 S A0 S S 0] H o} H ST
- a - a A0 S . a0 S S 0 S H H 0s
- - - - - - - - - - - - 1 St 86-3S d-88-10¢
- - - - - - - - - - - - 1 (Y4
- a - a A0 Vi ‘A0 4 Vi Vi H H H 0S
- - - - - - - - - - - - 1 174 111-¥S D-88-10¢
- a - a *N°0 S ‘d°0 S (9 (o] H 0 H 114
- a - a ‘d°o S ‘A0 19 S [o) H 2 H 0s
- - - - - - - - - - - - 1 L4 19Z-9X €-88-10¢€
- a - a d3asodnod3da X°0 S S Z H ] H 174
- a - a ‘d°0 S A0 S S € H d H 0S
- - - - - - - - - - - - I St 8Z-4S V-88-10€
AJaA009Y *sIaurn] A39A009y *siamm] A3Tasa3ul X33ade3uy _
4 4 ‘14 ‘Y4 4z ‘g & wyTd ‘ypy GuTTd ‘ypy uoysaypy  Xig ZF3ITTFqeIS WI}d UOIINJOS ¢ SUOOTITIS 2p0d
juedstaqr] PINTd 9€TE-S-TIN ‘J00S9 "4y ¢ *d00G0) "UuTw Of WITJ PaTId ITVY  4Lep Of X3711qI38dW0) 2TOTY3A

SUTsay BUODTTTS FJO UOTIBITITPON (AD [TIOBiIRJ) STTIITUOTAIDY auaypeang

ST 319el

lONI




- a - a . M« S A0 S S 0 S s} H ST
- a - a o S Ao V4 S 0 S 2 H (+19
- - - - - - - - - - S 1 H 1 YA S08~0d D-68-T0€
- a - a X0 S A0 S Y 0 H 2 H 174
- a - a M0 S ¢} 9 € 0 S o/ H 0s
- a - a ‘3o < a0 Y € (4] S H H 1 Y4 968-4X d-68-10¢
- a - a ‘X0 S X0 S Y 0 H o) H 174
- a - a ‘Ao 9 ‘a0 € € (o] S o} H (119
- a - a i M) S i o/ € € 0 S H H §L 968-1S V-68-10€
- a - a ‘X0 9 . 4] < Y 4 H ) H A4
- a - a . ¢} 9 a0 S € € H ) H (119
- - = - = - - - - - - - 1 L 611-8S KW-88-T0t
- a - a . ¢} S i M) S € 0 H 2 H 114
- a - a ‘d'o 9 ‘X0 S € (¢} S 2 H (419
- a - a ‘x'o Vi ‘X0 4 k4 1 S H H SL 1£00-9-8 ‘1-88-10€
- a - a ‘Ao S ‘X0 S S o] H 3 H <z
- a - a ‘X0 S ‘A0 S 9 0o H o) H 0S
- a - a . ¢ S ‘X0 V4 Y (o] H H H SL V908-DQ N-88-10¢
- a - a i AX¢) S . ¢} S S 0 H o H 174
- a - q ‘X0 S X0 S S 0 H o/ H 119
- a - a ‘A0 S X0 Y K/ (o] S H H SL €08-0@ H-88-T0¢
AI2A0D09Y “sIaumm] A319A009y ‘saswmy A3Ta383u] NuﬁumoucH _
Yy Ay gy Iy 47 1y 4 witd *ypy wiyTd ‘gpy GoTseypy__ Xad ZX3IFIIqe3IS WIF4 UOIINJO5 7 BUOOITIS apo)
IuedFaqrr] PINT4 9€1E-S-TIR ‘4008 ® "y 7 *400S® ‘utm Q¢ ©WTIJd PITAQ ATV  Aep Of f3T17qrIEduo) ATOTYSA

SUTSaY SUODTTTS JO UOTIBDTITIPOWN (AD 1TIoBIR]) @11I3ITUO]AiDy aualpeing
(penurjuod) ¢ arqel

I.HNI




- a - a aIS0dnW0o3a i ¢ S S 1 H 0] H <z
- a - a i ¢} S M0 < S 1 S 2 H (¢19
- - - - - - - - - - - - 1 GL 1i9%-4 ‘'1-68-10¢
- a - a ‘Ao S ¢ € Y 1 H o) H 174
- - - - - - - - - - S 1 H oS
- - - - - - - - - - - - I Gt 0Z1-3S A-68-10¢
- a - a > M o) S Mo S S 0 H 0 H 14
- a - a ‘d°o S ‘A0 S < (o} H o) H (119
- - - - - - - - - - - - I St %9~4 H-68-T0€
- a - a qISOdH0D3d . o) S < o H o) H 14
- a - a i o) S °x°0 S S 0 S o} H 0S
- - - - - - - - - - - - I SL 0y8-04 9-68-10¢
- a - a adsodnodia X'o S S 0 H o} H ST
- a - a ‘o S A0 S < 0 H 0 H 0s
- - - - - - - - - - - - I SL 78-¥S J3-68-10¢€
- a - a A0 S A0 9 S 0 H ) H 174
- a - a X0 S o S 9 4 S H H (¢19
- - - - - - - - - - - - I Sz 0£9-¥X J-68-T10€
- a - a Mo S M0 S S o H o) H (Y4
- - - - - - - - - - S I H 419
- - - - - - - - - - - - I St 7e-¥S (-68-10€
AX3A0D9Y *SsIdumy K39a009y “saawmm] X3Tada3uy A31a833uT .
‘Y 9z i 4 T4 4z ‘Y 4 LS L ‘yrv wyTd ‘ypy uorsaypy X3g 73771983 W{Id 0OT3INToS % QUOITTIS 3po)
JuedtTaqo] PINTI 9ETE-S-TIN ‘4006 @ "4 7 *J00SP ‘UTw Of WITd ParIg ITV  Lep Of 3t1rqr3edwo) a2719TyaA

SUTS3Y SUODTTTS FO UOTIBDTITPOW (AD T1IORIBJ) STFAITuUOTLIDY aualpeang
(penuyauod) ¢1 aTqel

-2t -




1----I-I-IIIII-II--I-I-IlllllIlllll-llllllllllllllIllllllllllllllllllllllllllllJlllllIIlllllllllllllIlllllllllllllllllllllllllﬂ

paAToSSTa - @

s9T731adoxd Teul8Fi0 I9A0D91 JoOu PIQ - oz. pausjjog - ¢
sa71x9doad yeur81a0 poasAcdey - s9X po3oajzyeun -
4Ax9A0039y INOH %7 9OUBISTSIY JUBDTIqN] pue aufjose9)

*£371a823uT WIIF jJo ssoy 19430 10 BurNeTF IATSUIIXY - *H°N

pa21938I1d - q
*3utusiaep 103 3deooxe 93uey> a1qy3zdedsaad oN - °*)°Q

LSS ELCE T QR ¥

P9I3T3B13S - § a1qriedwoouy - 1
Azey - H Azey - H
a1qr3edmoy - 5 31qr3edmoy - 5
A31T1q¥3s A3T11qraedmo)

1004 A19WaI3IXy Ayoex Laap S

1004 fyoey, Y

areqd ey A13y3r1s €

pooH 3308 3Inq aday-yoel [4

33os A13yBY1S
poo8 Kaap Inq aVay-yoey 1
JULTTaIXY PIEH 0
uorsaypy xa Buiaey

sToquis pue s3uyjey jEotiemwny 03 Koy

IMNI




N.

- 74 -

Natural Fossil Resin (RBH 510) Modification of
Silicone Resins

1.

3.

The compatibility of RBH 510 and silicone resins

was fairly good,

Resistance to the diester lubricant was quite good

but resistance to MIL-S-3136 fluid was poor.

Heat resistance of coatings containing RBH 510 was
poor. Flaking, blistering, and decomposition were

all noted.

For details of RBH 510 modifications of silicone

resins, see Table 16.



- n - a O°N S 9°N S S o] 0 o] o] 174
- n - a b o} Y *9°N S v 0 o) b b 0sS
- a - a ‘¥'o Y ‘A0 Y S 0 o) b) b} (74 208-0a D-26-10¢
- n - a *9°N S ‘9°N [ 9 (o] o] o} b b4
- a - a aasodnod3Ia A0 z € 0 H H H 0s
- (¢4 - a ‘3o € hb ¢ € € (o) H 0 H SL 98-1S JI-26-T0¢
- n - ad ‘9°N S *9°N S V4 (0] 2 2 ] 174
- n - a “O°N S *9°N S S 4] ¢] o} o) 0s
- a - a hD A ¢) V4 .o} V4 € € ] ] 4] SL {1-38 3-T6-10¢
- n - a *9°N S *9°N S 9 (o] p) o] o] 174
- a - a ‘9°N 9 "9°N S V] 0 H H H 0s
- a - a *9°N 9 ‘9N S 9 0 H H H (Y4 86-9S a-Z6-10¢
- n - a *9°N [ ‘9°N G 9 [0} H 2 H 14
- a - a *9°N 9 *9°N S V4 € H H H 0S
- a - a 3o 14 X0 V] V4 € R H H [74 T1I-¥S D-Z6-10¢
- n - a 9N S “9°N S V] o) o] o} o] 1A
- n - a ‘O9°N S ‘9°N S S o o) 2 ] (119
- a - a N0 V] *J°0 S V4 (o) o ] ) <L T92-¥X 9-76-10¢t
- n - a °9°N < ‘9N S S (o] o] ] o] 174
- a - a N0 V4 *9°N < S 0 0 o} 2 0S
- - - - - - - - - - - - 1 (Y4 8Z-4S V-Z6-10¢
AX9A009Y “siemu] £I19A0d9Y ‘siswmy X3TATAI0L X31asa3ur _
74 ‘Y 4 Iy Yz Iy & WTTd ‘ypv WITd ‘Yypy uorsaypy Xag 737iTqeas WITd uorInjos % QUODTITTS 2po)
Juedraqry PINTd 9€TE-S-TIKH ‘4 00S® ‘14 g *d 00Gp ‘utw Of wIYd pafIqd ATV  4ep Qf LER 33 T ETT: 5T ATOTULA

SUTSDY IUOITTTS JO UOTIEOTIIPON (OIS HEY) UTSoW 116804 [EINTEN

91 ?@1qel

'ﬂNI




- n - a 2°N S 9°N (9 (9 (o} H o} H [ 14
- a - a ‘DN L *O°N S 9 0 H H H 0s
- a - a ‘a0 € b ¢} L Vi z H o] H St §08-0d da-€£6-10€
- a - a g y *9°N g y 0 W 5 H sz ,
- a - a g Y *O°N S © 0 H H H 0S
- a - a “d°o € *d°0 V4 ] T H H H GL 9¢8-dX 9-£6-T0€
- n - a DN 19 *O°N S S (o] b} o] ] L4
- n - a ‘O°N € *O°N S Vi 0 b o} ] 0s
- a - a *d‘0 Z ‘A0 € Y [o} o] 0 ] SL 968-1S d~-€6-T0€
- n - a *9°N S *O°N S 9 0 H o] H L4
- - - - - - - - - - S 1 H 0S
- a - a *X°0 ” ‘A0 £ k4 i S H H €L 611-¥S V-£6-10€
- - - - - - - - - - - - 1 (A
- - - - - - - - - - - - 1 0S
- a - a 30 Z . ¢} € € T H b H 6L 1€00-9-4 1-T6-T10¢
- n - a ‘DN S ‘9°N [ 19 0 H o] H (YA
- a - a *O°N S ‘9°N 9 S 0 H H H 0S
- a - a X0 € *A°0 Vi Vi (o] H o] H SL V908-0ad A-Z6-10F
- n - a *O9°N S O°N 9 9 0] ] 2 0 174
- n - a "O9°N S *9°N S » 0 o] 0 o] (114
- a - a *X°0 V] A0 V] S o) o} b 2 GL €08-00 H-76-10€
AIdA0D9Y *saswm] A19A009y °‘s3amm] A3Tada3ul A3Ta3aur _
‘1 yz ‘g & ‘I g i B4 QT T *UpY uTTd ‘Yypy uoTsaypy Xig Z37119e3S w4 uoTINTog % SUODITTS 3po)
juedtaqrr] PINTd 9€TE-S-TIW ‘30060 ‘14 g ‘400Sp) "UTm Of WTIA PATaq XTIV ALep OF Z3711qraedmon 9TOTYIA

SUTS3Y SUODTTFS FO UOTIBOTITPOW (0O1G HAYW) UTsay TISsol [eanieN
(panutauod) 91 ayqel

|°N|

EX




- a - a 9°N 9 9°N S % (o] H 0 H ST
- a - a ‘9°N S ‘9°N S b (o} S 1 H 0s
- a - a M0 € "9°N < € z S H H SL  Tiv%-¥ H-£6-10¢
- n - a ‘O°N S “O°N < Vi o) S o H 14
- - - - - - - - - - S I H oS
- a - a d 1 . 1) € € € S bo) H SL  0Z1-¥S ‘1I-£6-T0f
- n - a *9°N S *9°N S Y (o} o] o/ 2 1Y4
- a - a ‘O°N S *9°N S Y 0 o) o/ bo) (419
- a - a ‘X0 b/ “O°N S € (o} o) 0 o) 174 79-4 N-£6-T0¢
- n - a “O°N S *9°N S S 0 H o) H LYA
- a - a *9°N 9 ‘9°N 9 V4 0 H H H 0s
- a - a ‘X0 € *9°N S Y (o} H o H SL 0%8-2@ H-£6-T0€
- a - a ‘9°N 9 ‘O°N S S (o} H o) H 114
- a - a *9°N S ‘O9°N 9 S 1 H H H 0S
- a - a ‘30 Vi ‘O°N S Y 0 H 2 H St Z8-¥S 9-£6-10¢
- n - a “O°N < ‘9N S 9 (o} S o/ H (14
- - - - - - - - - - S I H 0s
- a - a ‘d°e € x'o V4 Y o S H H SL 0£9-WX J-£6-TOF
- n - a *O9°N S “O9°N S S 0 S ] H (14
- - - - - - - - - - S 1 H (119
- a - a *d‘o 1 *d°o € € € H o) H 174 TE-¥S 3I-t6-10¢
AI9A009Y “sIomm] AI3A009Y *sIowmmy A3Tadaauy Nuﬁuwuucn _
L4 1y 4 tI4 4z Y & WITd ‘ypy oy ¥ ‘ypy Uorsaupy  XIg Z3ITTTqeIs @4 uoTanjos % BUOIITTS 2p0)
IuwdTaqry PINTd 9€TE-S-TIK ‘3005 "4 7 ‘40069 °UTW Of WITd patag IIv  Aep ot T3717q73%dmos 9TOTY3A

SUTS9Y JUODITIS JO UOTIBITITPON (01C HAN) UISIY 118804 TeanmyeN

(panur3uod) 91 atqer

INNI




illll|ll||l|j

PaATosSsSTq - @

s9T3a9doad Teur8ti0o 19A0D91 jou PIQq - ON paus3jog - § |
sof731adoad Teur31a0 paisaodey - sax po3oa33yeUn - N
AJDA009Y INOH v 3DURIBTEIY JUVDTIQIY] pue surjoses

*£31a393ur wWTIy jJoO §S§0T I3Y30 10 FUTYBTJ SATSUIIXF - °9°N

paxa3sTId - :
*3uyuanaep 103 3deoxe alueyo ayqradesiad oy - *3°0

A3TIZ930T wiT4d

P2T3T3Ieals - g 91qr3edwoouy - Y
Lzey - Azey - H
31qr3edmoy - p @1qriedmoy - o
37119938 A3T1qr3Rdwo)

1004 A7owaa3xy £yoey Axap S

Io004 Loer 4

Ireq £yoe3 £13yBT1S €

poo) 33oSs Inq 33AF-NOBL [4

3308 A13y371S

poo3 Lxap anq a9aay-yoel 1

JUITTEOX%7 PaeH 0
UoFsaYpy Xig JurIey

sToquig pue s3uf3ey [EOfIomWnN o3 A9

I@NI




- 79 -

o, Epoxy Resin Systems

1,

4,

Coatings containing Epon 828 were generally unsatis-
factory. Many Epon 828 coatings would not properly
cure and many others had a tendency to "crawl" and

create an appearance of incompatibility,

With the exception of Versamid 100, the polyamides
successfully cured the epoxies and were judged to

be about equivalent in performance. Coatings con-
taining Versamid 100 were sensitive to the MIL-S-3136
fluid but this was probably because Versamid 100 is

the slowest reacting polyamide.

Coatings containing 10% and 25% polyamide (depending
on the epoxy used) had the best resistance to the

test fluids and had the best over-all film properties.

The solid epoxies (Epons 1001, 1004, 1007, and 1009)
seemed to be about equal in performance with Epon 1009

possibly having slightly superior heat resistance.

The silicone epoxy copolymers (Dow Corning XR-6-0000
and Midland X-4209) had no better heat resistance than
the unmodified epoxies and were slightly poorer than

the unmodified epoxies in resistance to the test fluids,

Dow Corning 2-6020 amino silane appeared to be an
effective curing agent for epoxies but had little
effect on the high temperature properties of the

epoxies which were quite good to begin with.



7,

8.
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The epoxy novolacs (Dow 2638.1 and Dow 2638,.3) were
all extremely brittle, regardless of the curing agent

used,

Shell H-1 and H~2 curing agents seemed to be worthwhile
catalysts with Epon 1001 and the silicone-epoxy
copolymers, With Epon 1007 and Epon 1009, however,

a large number of eyeholes appear in the coatings
after the 500°F. heat exposure., These eyeholes were
not present before the heat test, H-1 seemed to be

slightly superior in performance to H-2.

Details of epoxy resin systems may be found in

Tables 17-26.
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P, Silicone Resins Cured with #2311 Experimental Silazane

1.

2.

3.

4,

Many of the systems in this series gelled immediately
after the addition of the silazane and were of no

use,
Resistance to the test fluids was very poor.
Heat resistance was excellent,

For details of silicone resins cured with #2311

experimental silazane, see Table 27.

Silicone Resins Cured with Z-6020 Amino Silane

1.

2,

3.

4.

Some silicones do not react (or react very slowly)

with Z-6020. All systems had a usable pot life,

Resistance to the test fluids was poor.

Heat resistance was good.

For details of silicone resins cured with Z2-6020,

see Table 28,
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Half Second RS Nitrocellulose Modification of

Fluorinated Hydrocarbon Resins

1.

Compatibility of nitrocellulose and the fluorinated

resins was good.

The test fluid resistance of some of these systems

was good.

A few of these coatings decomposed during the heat

test but most were satisfactory,

Details of nitrocellulose modification of fluorinated

resins can be found in Table 29.

Polyvinyl Butyral Modification of Fluorinated Hydrocarbon

Resins

1.

3.

40

Compatibility of Bakelite XYHL and the fluorinated

resins was poor.

Resistance to the test fluids was poor.

Heat Resistance was good.

For details of Bakelite XYHL modification of

fluorinated hydrocarbon resins, see Table 30.
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Acryloid A-101 Modification of Fluorinated

Hydrocarbon Resins

l.

Compatibility of Acryloid A-101 and the fluorinated

resins was fairly good,

Resistance to lubricant and MIL-S-3136 fluid was

generally good.,

Heat resistance was good.

For details of Acryloid A-101 modification of

fluorinated hydrocarbon resins, see Table 31.

Styrene Butadiene Modification of Fluorinated

Hydrocarbon Resins

L.

Compatibility of Pliolite S-5 and the fluorinated

resins was fair.

Resistance to the test fluids was poor.

Except for two systems, heat resistance was good.

For details of Pliolite S-5 modifications of

fluorinated resins, see Table 32,
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Triazine Formaldehyde Modification of Fluorinated

Hydrocarbon Resins

1.

Compatibility of Uformite M-31l and the fluorinated

hydrocarbon resins was fair,

Resistance to the test fluids was poor.

Heat resistance was good.

For details of Uformite M-311 modification of

fluorinated resins, see Table 33.

Polyvinyl Formal Modification of Fluorinated Hydrocarbon

Resins

1.

4,

Compatibility of Formvar 7/70 and the fluorinated

resins was fair.

Resistance to the test fluids was poor.

Heat resistance was good,

Details of Formvar 7/70 modifications of fluorinated

hydrocarbon resins may be found in Table 34.
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X, Miscellaneous Resin Systems

1. Many of the miscellaneous resin systems tested
showed great promise in the initial screening
tests, Most of the better coatings were based

on epoxies, polyurethanes, or polyesters,

2, For results of testing the miscellaneous resin

systems, see Table 35,
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Section IV

Development of Primer

Initial Vehicles Used

After the screening tests had been completed on the

clear resin systems, the test results were reviewed

and the following vehicles were chosen for use in

primers:

1.

50%

50%

50%

50%

50%

50%

50%

50%

50%
50%

50%

50%

50%
50%

75%
25%

Midland R-62

Half Second RS Nitrocellulose

Dow Corning R-6-0031

Half Second RS Nitrocellulose

Plaskon ST-856

Half Second RS Nitrocellulose

Dow Corning DC-803

Half Second Cellulose Acetate Butyrate

Dow Corning DC-805

Half Second Cellulose Acetate Butyrate

General Electric SR-82

Formvar 7/70

Kel F 800

Acryloid A-101

Kel F Fluorel

Acryloid A-101



9.

10.

11.

12,

13.

14,

15,

16.

1s.

19,
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50% Dow Corning R-6-0031

50% Bakelite BRS-2600

25% Plaskon ST-847

75% Midland R-55

Roskydol 500 Catalyzed Polyester

73% Dow Corning R-6-0031
5% Mobay Multron R-16

227, Mobay Mondur CB-75

90% Epon 1009

10% Versamid 115

90% Epon 1009

10% Dow Corning Z-6020

Epon 1009 catalyzed witu diethylene

triamine (DET).

75% Epon 1001

25% Versamid 115

907 Epon 1001

10% Dow Corning 2-6020

Epon 1001 catalyzed with diethylene

triamine (DET).

75% Dow Corning XR-6-0000
25% Versamid 115
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20, 75% Midland X-4209
25% Versamid 115

21, 75% Dow Corning XR-6-0000
25% Dow Corning Z-6020

22, 75% Midland X-4209
25% Dow Corning Z-6020

It will be noted that several vehicles which appear in
Table 35 and seem to have some promise are not included
in tuis list, These materials were evaluated later in

the contract and will be mentioned later in the report.

B. Pigments Used

Previous work ko develop a coating system for magnesium
included an extensive evaluation of corrosion inhibiting
pigments, It was determined that the chromates of
calcium and strontium were among the most effective for
protection of magnesium. These pigments were selected
for the primers. Zinc chromate was believed worthy of

testing and was also included,

The same previous work?£found a pigment content of 35% by
weight to provide tiie optimum protection of magnesium,
This pigment content was cnosen for the initial pigment

study. No extender pigments were used,

1. The reference may be found in the bibliography section of the
appendix.

2. [Ibid.
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bimetallic Corrosion Testing

It was decided to form a bimetallic couple between ti.e
coated magnesium panel and l/-7PH stainless steel to
test the effectiveness of tune coatings in preventing
galvanic corrosion. The coated magnesium panel aund the
stainless steel strip were mounted approximately 1 inclh
apart in a wooden mountin;, block and were then connected
witl. a copper wire and clips. The magnesium panel was
scraped witi a knife to bare wetal where the clip was

attacned. (See fig. 1)

Initially, some panels tad neeu coated wit. 0,0005, 0.0010G,
and 0.0015 inches of two af the primers, The panels were
connected to the stainless steel and immersed in 1 and 5%
NaCl solutions which were contained in 1 gallon glass jars.
The panels were immersed to a deptih of 4 incies and the
immersed anode: catiode area ratio was 4:1 (See figx. 2).
A mumber of materials were used to cover the uncoated edges
of t.e panels. It was found that black electrical tape
put on the edges of the panel and coated witn a laver of
paraffin afforded the best protection. It was also
determined that a coating thickness of 0.0015 inches and
an electrolyte concentration of 1% NaCl produced the most
consistent results. All coatings were tested for bimetallic
corrosion resistance in this manner, Table 36 explains

the symbols used in rating bimetallic corrosion.
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1

FIG.

Fig. 1

MOUNTING OF BIMETALLIC CORROSION TEST PANELS
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FIG, 2

Fig. 2

BIMETALLIC CORROSION TEST CELL
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Table 36

Bimetallic Corrosion Rating System

The following ratings are used in all bimetallic

i corrosion tables:
Hours
Rating Exposed Condition of Panel

0 500 Perfect.

1 500 Very few very small blisters
or slight discoloration.

2 500 Many small blisters and few
medium blisters. Very slight
corrosion.

3 500 Many small and medium blisters.
Few large blisters and slight
corrosion,

4 Less than Many blisters and considerable

500 corrosion.
5 Less than Many blisters and severe corrosion.
500

The following symbols may also be found:

N.T. - The coating was not tested due to some film failure

such as cracking. (See fig. 3)

G - The coating gelled during preparation and could not

be tested.




FIG. 3
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EXAMPLES OF PANELS WHICH HAVE CRACKED UPON DRYING

Fig. 3

PANELS NOT TESTED DUE TO CRACKING OF TOPCOAT
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D. Results of Bimetallic Corrosion Testing

As a result of tue galvanic corrosion tests, the following

primers were selected for further testing:

1. 301-103-A
2. 301-101-D

3. 301-131-B

Tne results of galvanic corrosion testing of the primers

may be found in Table 37.

E. Addition of Inert Pigments to Primers

Most of the failures whici: occurred during the galvanic
corrosion testing of the primers were due to blistering
and/or corrosion. (See fig. 4) It was decided to
evaluate the addition of extender pigments to these
coatings in an attempt to reduce the blistering. The
inert pigments used were talc and clay. The total

pigment content was kept at 35% by weigat.

1t was found that no improvement was made in the perform-
ance of the topcoats tested but rather the galvanic
corrosion resistance of the coatings containing the
extender pigments was worse than that of the original
coatings. (See fig. 5) For results of galvanic corrosion
testing of primers containing extender pigments, see

Table 38.
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FIG, 4

EXAMPLES OF POOR GALVANIC CORROSION RESISTANCE
ALL FAILED IN LESS THAN 500 HOURS

Fig. 4

TYPICAL GALVANIC CORROSION FAILURES




RESULTS OF ADDING INERT PIGMENTS TO PRIMERS ALONE
124G, H, K- INERTS 300 HRS. IN CELL, 103A-NONE 500 HRS.

Fig. 5

GALVANIC CORROSION TESTING OF PRIMERS
CONTAINING EXTENDER PIGMENTS




v n Call’ali’s] D IR S 4 UalUal sl

Lol Y

Sut3ey

a3ewoIyn wWNId>IE)H
23BWOIYD) WNTIUOIIS
23BWOIY) OUTZ

93ewWOIy) WNIOTE)D
9IBWOIYH WNTIUOILG
?jewoayy) oury

ajewoIyy wWNId{E)
93BWOIYD WNTIIUOCIIS
@jepwoOIYyy dUIZ

23eWOIY) WNTOTE)
93BWOIYH WNTIUOIIS
33BWOIY) dUTZ

23PWOIY) WNTOTE)
93PWOIY) WNTIUCIIS
23BWOIY) dUTYZ

83BWOIY) wNioTE)
9jewWOIY) WNIJU0IIS
a3jewoxyn SUIZ

93ewoay) mnrdTe)H
@3ewoay) wNI3luO0IIg
23BWOIY) DdUTZ

Juamsdtyg

T0T-Y PTOTLIay :008 A-T°N
T0T-V PIOTAI0Y :008 A-19M
T0T-V PTOTAIOY :008 J-T9

0//( 1eAwxog :7g-¥S OTA3091Y [eI2U3
0L/! Ieamzod :gg-¥S OTIIOOTHA [EIIUSY
0L/ Ieamzog :gQ-¥S 9713091 EIBUIYH

avo % :60R-0a
avo % 1608-0a
av0 % :160R-Da

av0 % €08-20
av0 .% *€08-0a
avo & €08-2d

9SOTNTT92013IN % :9Gg-1S uUoyseld
9SOTNTTa20IIIN ,5 :9GR-1S uoyseld
9SOTNITI20I3TN % :96R-1IS uoyseid

#SOTNIT@D0a3TIN % :1£00-9~¥ 3uruzo)y moq
2SOTNTT89013IN % :1€00-9-¥ Butuion moq
2SOINTTID0a3IN & :T£00-9-4 Butuxon moq

®SOTNTT820I3IN ,% :79-¥ PUBTPTH
9SOTNTTSD01IIN % :Z9-¥ PUBTPTIW
3SOINTTI2013IN ,5 :29-¥ PUBTPTH

9TOTYaA IdwTig

$19WTid JO 3UT3ISIL UOTSOII0) OT{]e3awTd

L€ 3TqelL

INJHI

0-20T-10¢
g-201-T0¢
v-Z0T1-T10¢

A-TOT-T0€E
H-T0T-TO0€
9-101-10¢

4-101-10¢
4-T101-10€
a-10T1-10¢

O-101-10€
g4-10T-T0t
V-T01-T10¢

A-001-10€
H-00T-10€
9-001-10¢

4-00T-10€
2-001-10€¢
a-00T-10¢

0-00T-10€
g4-001-TO0€
V-001-TO€

apo)
XawTag




ﬁ----------------------------------------------------------------l--lll-ll--------ﬂ

€ djewoly) wnidje) (13@) sutweray sus1Ay3stqg :1001 uody A-901-10€
S 23BWCLY) WNFIUOIIS (130) sutweriy ausT4y3lsrq :1QQ] uody d-90T-10€
S a3jewolyy Jdurz (13@) sutweriy sust4yiatg :100T uodg 0-90T-10¢
< 3eWoIY) WNIITEY 0Z09-2 3utu10) mMog :10071 uody H~90T-10€
S @jewoIY) WNIIUOIJS 0209-2 3utuxc) mog :100] uody A-901-10€
< d3vWOIY) dSury 0209-Z Butuio) mog :10071 uody 1-90T-10¢
€ 2jeWOIY) WNYoTR) STT PTWesIsp 11007 uody 29-90T-10€
g ®3BWOIY) wNTIUOIIS SIT PTWesIap 1001 uody a-90T1-10€
14 3jewoxyy ouyz STT1 prwesisp :1QQ1 uody V~90T-10¢
S 33PwoIyy wNIoTE) $£-9) INPUON :9T-¥ UOIITTMW :1E£00-9-¥ BuTuzon MOQ 2-%0T-10¢
S dJrWOIY) WNTIVOIJS $(-4D INPUOK :9T-¥ UOIITMN :1£00-9-¥ BuTuzoy mog 9-%01-10¢
9 ?3pWOIY) dutz $L-9D INPUOW :9T-Y UOIITT :1E£QO-9-¥ BUTuUIO) MoQ V-%0T-10€
b/ 3¥jewoays wnyoTE) L78-1S UOYSEId :GG-¥ PUBTPIN J-£01-10¢
£ dJBWOIY) WNIJuOIIS LY%8-1S UOYSBId :GG-¥ puelpIW 9-€0T-10€
rA d3BWOIYH dutZ {%78-1S UONSEId :GG-Y PUBTPTW V-£0T-10¢
S @3BWOIY) wnIdyE) 009Z-S¥9 @3TT9Ned :1€00-9-¥ Sutuio) moq A-Z0T-T0€
9 ?jeworyy amr3uoilg 009Z-S¥d 23TTa%ed :1£00-9-¥ Butuio) moq H-Z0T-10€
S ajewoxy) odurz 0092-5¥4 23TT9%ed :1€£00-9-¥ Suruioy moq D-z01-10¢
€ JrWOIY) wnIdIe) T0T-V PTOTAIdy :yaiontg g-1oX 4-Z01-10¢
€ 23BWOoIy) amyIuoIlg T0T-V PTOTAIdy :T@x0nyy J4-To) 3-Z01-T10¢
£ ?jewoly) ourz T0T-V PTOTAI0V :1a10nTg J-ToN a-zoT1-10€
Jur3ey JuswdTg 9TOTUaA 1dWTIg 3po)
Ja2wyag

SIdWT1d JO SUTISB] UOTSOIXO) OT[EIBWTY

(penutijuod) /g arqel

- VT -



(LRGN O] A N vy Al W VI e WP

Ta "o R ¢

DaBTal- 3 ol al sl

Jutaey

3leuoaujy unNIdTEeD
IO WNTIVOIIS
23ewoay) odury
ajewoay) wNIdTe)
33eloIy) wWNI3u0Ilg
ajewoly) ourz7

3ajewoay) wnisye)
93pWOIYDH WNTIUOIIS
ajewmoay) ouIZ

dlewoay) wWNIOdIR)
?93ewWOIY) WNIIUOIAJS
93BWOIY) dUTZ

9jPWOIY)H WNTDTE)
93BWOIY) WNTIUOIIG
ajewoay) ouyZ

9jpmOIY) WNIOTE)
93PWOIY) WNTIUO0IIS
ajewoIyn OSUTZ

?ajewoayn uUNIdOTE)H
9JPWOIYH WNIJUOIXIS
@3BWOAY) OUTZ

?ajewoIy) wnIoTe]
93PWOIYDH UMIIUOIIS
d3jewoIyH dUTZ

0z09-7 3uTuz0) MOQ :0000-0-¥X TUTUIO) mO(
0Z09-Z Sutuaon moq 10000-9-¥Y Butuio) moq
0209-z B3utulo) mog :QQO0-9-¥X FuTuIo) MOQ
SIT PTWESIaA :(0000-9-¥X BuTulO) MOQ
GTT PTWESIaA :Q000-9-¥X S[urtuxon moqg
G1T prwesIap :0000-9-¥X 3utuzo) moq

0209-7 3UTu10) MO@ :0Z%-X PUBTPIW
0z09-7 BuUTUI0) MOQ :40Z%-X PUBTPTW
070¢-7Z 3uTux0) Mo@ :4QZH-¥ DUEBTPTW

S11 PTWESISA :60Zy-X PUBTPIW
GI1 pPTWesIap :60Z%-X PUBTPIW
ST1 PTWESIDA :6077-X PUBTPTH

005 TopAysoy
00S Top4Aysoy
00¢ TOpPAysoy

(13q) sutweTi] sustfulstq
(13Q) autwetra] suaifylaiq
(13dq) surtweral auaTLyiatq

0z00-Z Butuxo) mog
0z09-z 2utuxo) mog
0Z09-z 3utuzo) mog

ST1 PTWESIap
CTT PTWESI9A
GI1 pPTUESIap

16001 uody
{6001 uodzy
16001 uody

16001 uody
16001 uodzy
16001 uodiy

16001 uoddy
16001 uoday
16001 uodzy

Juauw3tyg

3TOTUaA 22WTIg

SIaWT1d JO JUTIS3L UOTISOII0) OI[TEIaWTH

(panuTrjuod) /g °1qEL

- 91 -

O-T€1-10€
V-T1€T1-10¢
H-GZT~T0¢E

4-TET-10¢€
A-6ZT1-T0€
O-6Z1-T0¢

J-621-T0¢
a-SZ1-10¢
4-6ZT~-T0¢E

3-6CTI-T0€
J-GZ1-10¢
V-621-10¢

J-€0T1-TOE
A-£0T-10¢E
a-co01-10¢

3-/01-10¢
d-/01-TO€
0-L0T1~T0€

H-£01-T0€
3-L0T-T0€
4-L0T-10¢

9-/0T~-10€
a-/0T-10¢
vV-L01-10¢

2po)
x2uT1g




*2InTTRY WITY

"UOTSOI1I0D 2I9A3S puUP SI3ISTIq Luey

*UOTSO0XI0D
91QEIIPISUOD pue SIIISTTq LuBy

*UoTsoax0d IYITTS pue SIIISTTq 93aey
M9J °SIdISTTq wWnipam pue Tlews Auey

*u01s01100 JY3IITS £a9A
*SI93STTq WwnIpow mdJ pue TTews Luey

*UOT2BIOTOISTP IY3ITS
I0 SIPISTTQ TTbms A13A MY LIoA

3993194

jeued Jo UOT3ITpuO)

*uorjeaedoad Butanp patye8 Surieon - 9
I9Yy3o 10 3uT¥OeID 03 INP PIISII ION - *I°N
00S
ueyl ssaq
00¢
ueyl ss9Y
006

00¢

00¢s

00S
posodxy sanol

wo3sAg BUTJEY UOTSOIIO) OT[[BISWIH

- on1 -

Juriey



£e10 %S )

OTRL %8 )
S ajewoay) wnIoTED %/8) av0 W% 60%-2d 3utuxo) moq 9-%Z1-10¢
V] ?JBWOIUY WNTIDTE) %001 avd % :608-25a S[uruxo) moq J-10T-10¢€
Ae1d %6 )
OTEL %R )
S ?@jewoly) wnijuolls %/8) avd &% :608-2a Sutuxo) moqg g-%21-10¢€
] sjewOIY) WNTIUOIIS %00T avd 4% :608-Da duruio)d mog q4-101-10€
£e1d %6 )
oTel %8 )
Vi djewoIy) SUIZ %/8) avd % 1608-Da Suruxo) mog V-%21-T0€
€ ajemoay) dUTZ %001 Vo % :608-2a 3utuxo) smoq a-101-10¢
£e1d %S )
oTel %8 )
c 23BWOIU) WNIDTED %/Q) @sornTT@2013TN ,,% :T1€00-9-4 Sutuio) moq A-€Z1-10¢
S @3ewoay) wnydTed %001 950TNTTA2013IIN & :1€00-9-¥ Buruzo) moq d-001-10€
£e1d %46 )
oTel %8R )
S ?3pwOIY) WNTIUOIIS %/R) 9s0TNTTad013TIN ,,% :1£00-9-¥ Sutuzon moq H-€Z1-T0¢
S ?3EWOIY) WNTIUOAIS %OOT asOTNTT3%013TN % :T1€00-9-¥ BuTulo) Mmoq 4-001-10¢
Ke1d %26 )
o1el %8 )
S @jewoay) dUTIZ %/8) 3sOTNTT®D0I3IN ,& :TC€00-9-¥ BuTuIo) moq 9-€ZT-10€
S 8jemwoayy d2uUrZ %0071 3soTNTI22013IIN % :1£00-9-4 3ufuio) mog a-001-10¢€
3uraey uor3rsodwo)y Jusw3Td JTOTIYIA IdwTIg ?po) xawtad

s3jusw3dyd I9pUa1Xy JUTUTIRIUO) STewldd JO BUYISIT UOTSOAIO) OI]]E€IDWIY
gt @Tqel

- 99T -

-




£e1d %ST)

K4 93eWOIU) wwww MNMW [%8~-1S uoqsSeld :GG-d PUBTPTH
Ae10 201)
Y ajewolay) MWMW MNMW [%8-1S UONSeTd :GG-¥ PUBTPTH
mmwo %S )
4 ?3emoxyn) uwﬁw Mwww L%8-1S uoyseld :GGC-¥ PUBTPTH
4 ®3jewoIyy 2UIZ %001 [%8-1S UONSETd :GG-¥ PUBTPIW
durjey uor3Tsodmo) Juam3Tg TOTYSA IdWTIIg

§3UsWITd I9pUaIXY SBUFUTEIUO) SABWTIJ JO JUTISI] UOTSOIIO] OTTTEIWTY
(panutauod) g¢ a1qel

AL S

A-421-10¢

H-%21-T0¢

9-%Z1-10¢
V-€0T-10€

3po) xewTid




*uotjexedoxd Burtanp pa11o8 Surzeon - o
*aanyrey wily Ix9yzo 10 Jupdoead o3 onp psilsal 0N - °*I°N
006§ .
*UOISOII0D BABAIS PUB SIIISTTq Auep ueuy ssa <
*uoTsoIx0d 00

91QeIdPISUOD pur SIIISTTq Luey ueyl ssa7 vy
*UoIs0ox10d JYBT[S pue SIIJSTTq a@3axer

M3 °SI93STTq wnIpaw pue [yems Auey 00¢ '
*uorsoxxod IY3TTs LIsA

*SI93STTq WNIpam MdJ pue JTeus Auey 00S rA
*uoT3eI0TO0ISTP IY3T|S

10 s3931STTq [IPwmS AI9A M3 KIxap 006 1

3093194 ) : 00S 0

I2ueg JO UOTITPUO) pesodxyg sinoH Bur3ey

wY3SsAg§ 3UuTjey UOTSOII0) OTTyeI2Wwryg

lgﬂl




- 149 -

Salt Spray Exposure of Primers

Panels coated with the initial primers were tested in

5% salt spray at the same time they were being evaluated
for galvanic corrosion resistance. Throughout most of
the contract, tuls simultaneous exposure was conducted,
The coating thickness on the salt spray panels was the
same as the bimetallic corrosion panels, All salt

spray panels were scribed to the bare metal down the
center of the panel. For results of salt spray
exposure of the primers, see Tables 39 and 40.

(See fig. 6)

It should be noted that all salt spray results, unless
otherwise stated, represent the entire panel, not only
the scribed portion of the panel. Wnen different
results occur on the panel and on the scribe, a

semicolon is used. For example:

Many small blisters; many swall blisters,
slight corrosion on scribe.
indicates the following were present:
(1) many small blisters on panel,
(2) many small blisters on scribe,

(3) slight corrosion on scribe.



VARYING RESULTS IN 5% SALT SPRAY. PERFECT IN
UPPER LEFT, TO MANY BLISTERS LOWER RIGHT

Fig. 6

TYPICAL 5% SALT SPRAY TEST RESULTS
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Section V

Development of Olive Drab Topcoat

Initial Vehicles Used

The vehicles used for preparation of olive drab topcoats
were the same as those used for the primers, The complete

list can be found in part A of the primer section,

Pigmentation
The following pigmentation was used to obtain the #2430

olive drab color and 15-25° gloss:

Pigment % by weight
Medium chrome yellow 31.6
Red lead 16.7
Zinc oxide 9.1
Red iron oxide 12.3
Lampblack 6.0
Titanium dioxide 10.9
Cluey 2.7
Diatomaceous earth 10.7
100.0%

Coatings containing unmodified silicone resins did not
include the red lead because of the reactivity of those
resins with lead. A pigment content of 65% by weight
was used. No attempt was made to shade these coatings
to match the #2430 color chip nor was the gloss of any

coating adjusted.
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Preparation of Panels

The Dow 17 treated HK-31 magnesium panels were primed
with 0.0015 inches of primer and allowed to age a
minimum of 7 days. The same thickness of topcoat was
applied and the panels were aged for 7 more daysbefore
testing. Each coating was crosshatched with a stylus

and the adhesion tested with cellulose tape. The tape
was firmly applied to the crosshatched section and then
removed from the panel in one rapid motion. See Table 41

for adhesion rating key. (See fig, 7)

Bimetallic Corrosion and Salt Spray Testing

The bimetallic corrosion and salt spray testing of the
complete coating systems were conducted in the same

manner as those tests were performed on the primers alone.

The following systems were judged to be the best coatings

at this point in the work:

Pr imexr Topcoat
1. 301-103-A 301-115-A
2, 301-131-B 301-115-A
3. 301-131-B 301-114-C
4, 301-103-A 301-134-A
5. 301-103-A 301-134-C
6. 301-131-8B 301-134-C
7. 301-131-B 301-118-F

For results of salt spray and bimetallic corrosion testing

of the olive drab coating systems, see Tables 42 and 43,
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Section VI

Development of White Topcoat

A, Initial Vehicles Used

a’ The vehicles found in Part A of the primer section were

used to prepare white topcoats. One resin system, the
combination of Dow Corning R-6-0031 and Bakelite

BRS-2600, was not used because of its dark color.

B. Pigmentation
The pigment chosen for the white topcoats was sulfate-

process rutile titanium dioxide. The coatings were
flatted to the approximate gloss required with talc.

A 53% pigment content by weight was used.

C. Preparation of Panels

The same procedure used for preparation of olive drab
coating systems was followed with the white systems.
Only the 301-103-A and 301-131-B primers were used.

D. Bimetallic Corrosion and Salt Spray Test
Bimetallic corrosion and salt spray tests were conducted

in the usual manner.

Although the white coating systems were generally
inferior in performance to the olive drab systems, the
following were considered to have performed well enough

to merit additional testing:




For results of salt spray and bimetallic corrosion

testing of white coating systems, see Tables 44 and

45,

Primer

301-103-A
301-131-B
301-131-B
301-103-A
301-103-A
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Topcoat
301-164-D

301-163-F
301-183-B
301-183-D
301-210-A
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Section VII

Epoxy Ester and Silicone Epoxy Ester Coatings

301-103-A Primer

This primer, containing a blend of Midland R-55 epoxy
ester and Plaskon ST-847 silicone-epoxy ester copolymer
was one of the two best primers for inhibiting galvanic
corrosion. However, it did not provide good adhesion
for most topcoats. The following were tried in an

attempt to ilmprove this property:

1, The drier content was increased and decreased.
2, The time between applying the primer and applying

the topcoat was varied.

3. The topcoats were reduced with methyl isobutyl
ketone to try to soften tie primer just enough

to provide better adhesion.

4, The pigment volume concentration of the topcoats

was increased and decreased.

None of the above was successful with the exception of
topcoating witnin 24 hours after applying the primer.
This was believed to be too impractical to merit further

consideration.
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Preparation and Testing of New Vehicles

Since primer 301-103-A was a blend of an epoxy ester
and a silicone-epoxy ester copolymer, it was thought
that a silicone-epoxy ester copolymer approximately
equal) to the blend in composition might have some
properties superior to the blend. For this reason,

the following resins were prepared:

Code Epoxy Fatty Acid Silicone
X-4235 40% Epon 1001 30% Linseed 30% Dow Corning
8-6018
X-4237 49% Epon 1001 36% Tall 15% Dow Corning
8-6018
X-4238 49% Epon 1001 36% Linseed 15% Dow Corning
8-6018
X-4240 49X Epon 1001 36% DCO 15% Dow Corning
8-6018
X-4241 51% Epon 1001 39% Linseed 10% Dow Corning
£-6018
X-4243 51% Epon 1001 39% Tall 10% Dow Corning
2-6018
X-4245 51% Epon 1001 39% DCO 10% Dow Corning
B-6018
X-4253 49% Epon 1001 36% DCO 15% Dow Corning
Sylkyd 50
X-4255 51% Epon 1001 39% DCO 10% Dow Corning
Sylkyd 50
X~-4257 49% Epon 1001 36% DCO 15% Dow Corning
X3-6088
X-4263  49% Epon 1001 36% Safflower 15% Dow Corning
g-6018
X-4266 51% Epon 1001 39% safflower 10% Dow Corning
§-6018
X-4271 49% D.B.R. 661 36% Ssafflower 15% Dow Corning
8-6018
X~-4278 49% Epon 1001 36% Soya 15% Dow Corning
8-6018
X~4282 49% D.B.R, 661 36% DCO 15% Dow Corning
8-6018
X-4283 49% Araldite 6071 36% DCO 15% DowCorning
28-6018
X-4295 49% Bpon 1001 36% DCO 15% Dow Corning
2-6018
X-4296 49% Bpon 1007 36% DCC 15% Dow Corning
B8-6018
X-4300 49% Epon 1001 36% DCO 15% Union Carxbide
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The silicone-epoxy eater copolymers were prepared in

the following manner:

l. The fatty acid was heated to approximately the
melting point of the epoxy resin. For epoxy resins
with epoxide equivalent weights of 500, the temperature
was 210-250°P. For epoxies with epoxide equivalent

‘ weights of 900-1,000 and 2,000-2,500, the temperatures
to which the fatty acids were heated were 300 F and
350 P, respectively. In some cases, a catalytic quan-
tity of triphenyl phosphite was added after the fatty
acids reached the desired temperature, A blow of inert

gas was used throughout the cook.

2, The epoxy resin was added and the mixture was
blown at 520°F for 1 hour. The acid number would be

in the range of 1-5 after this time.

3. The temperature was lowered to 400°F and the
silicone intermediate and a portion of the solvent
was added., Some octoic acid was added as a catalyst
when Dow Corning Sylkyd 50 and Union Carbide XR-620
were used. The material was refluxed about 10 hours
or until viscous. The remainder of the solvent was

added.

In addition some counterparts of Midland R-55 were
prepared to determine the effect of different oils
on the performance of this resin. Midland X-3540,
X-3548, and X-4334 contained linseed, DCO, and soya
fatty acids, respectively. The following commercial

epoxy esters were also evaluated:

1. Reichhold Epotuf 6401

2. Jones-Dabney Epitex 120
3. Jones-Dabney Epitex 1241
4, Jones-Dabney Epitex 1486
5. Midland R-2
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C. Screening of Clear Resins

The epoxy esters and the silicone-epoxy ester copolymers
mentioned above were screened in clear coatings by them-
selves and, when indicated, in combination with each other.
The results of this testing can be found in Table 46. All
*' coatings made from the same resin differ only in drier
content. The following ratio of driers (based on metal

content by weight) was used throughout.

3 parts cobalt
4 parts calcium

2 parts rare earth

D. Epoxy Ester Primers

Since the pigment level chosen for evaluation of the
primers was set at 35% by weight only on the basis of
previous work in this field, a study of the effect of
pigment concentration on corrosion resistance was under-
taken. The Midland R-55: Plaskon ST-847 vehicle was
chosen for this work and the pigment content was varied
from 0 to 65% by weight. It was found that the 35%
pigment level was as good a choice as could be made.

For bimetallic corrosion and salt spray testing of

these coatings, see Tables 47 and 48. (See fig. 8)
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FIG, 8

.35:1 1501
EFFECT OF PIGMENT ~ TOTAL SOLIDS RATIO

Fig, 8
EFFECT OF PIGMENT CONTENT ON GALVANIC CORROSION

RESISTANCE OF A SILICONE-EPOXY: POLYAMIDE PRIMER
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The following resin systems were believed worthy of

testing based on results of screening tests on the

clear resins:

1.

2.

3'
4.
5.

11.

12,

13.

14,

15.
16.
17.

18,
19,

20.

Midland X-4240

75% Midland R-55
25% Midland X-4235

Midland R-55

Midland X-4245
Midland X-4263
Midland X-4271
Midland X-4282
Midland X-4283
Midland X-4300

50% Midland X-4283
50% Midland R-55

50% Midland X-4240
50% Midland R-55

50%Z Midland X-4263
50% Midland R-55

Midland X-3548

75% Midland X-3548
257 Plaskon ST-856

Midland X-4334
Midland X-3540

75% Midland X-3540
25% Plaskon ST-847

Reichhold Epotuf 6401

75% Reichhold Epotuf 6401
25% Plaskon ST-847

Jones-Dabney Epitex 120
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21, 75% Jones-Dabney Epitex 120
25% Plaskon ST-847

22, Jones-Dabney Epitex 1341

23. 50% Jones-Dabney Epitex 1341
50% Plaskon ST-847

24, 75% Jones-Dabney Epitex 1486
25% Plaskon ST-847

25, 50% Jones-Dabney Epitex 1486
50% Plaskon ST-847

To expedite testing of these vehicles in primers, many
of the primers were made using only zinc or calcium
chromate as pigment, Earlier testing of primers had
shown the strontium chromate to be an ineffective
corrosion inhibitor. In some of the primexrs the
calcium chromate also was not used since the zinc
chromate appeared to be the best pigment in epoxy

ester coatings.

As a result of the bimetallic corrosion and salt spray
testing, the following primers were included in future

testing:

1, 301-158-C
2, 301-158-L
3. 301-159-D
4, 301-159-G
5. 301-202-A

For results of galvanic corrosion and salt spray
testing of epoxy ester primers, see Tables 49 and

30.
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E, Epoxy Ester Olive Drab Topcoats

Some of the epoxy ester vehicles which were used in
the primers were also used in oiive drab topcoats,
Most of these coatings did not perform any better
than the original coating systems but the following

were selected for further testing:

Primer Topcoat
1. 301-103-A 301-174-B
2, 301-131-B 301-174-B
3. 301-131-B 301-174-C
4, 301-103-A 301-175-A
5. 301-103-A 301-175-B
6. 301-131-B 301-175-B

The results of bimetallic corrosion and salt spray
testing of epoxy ester olive drab topcoats can be

found in Tables 51 and 52.
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Epoxy Ester White Topcoats

The same vehicles used in the olive drab topcoats were
used for the white coatings. The original pigmentation
was used for these coatings. None of these materials
performed well enough to merit future work. Galvanic
corrosion and salt spray test results can be found in

Tables 53 and 54.
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Section VIIL

Epoxy and Silicone-Epoxy Copolymer Coatings

A, Preparation and Testing of New Vehicles

Since epoxies and silicone-epoxy copolymers had performed
fairly well in the intial testing, it was decided to pre-
pare some copolymers with different silicone contents for

evaluation. The following materials were synthesized:

Code Silicone Epoxy

X-4311 25% Dow Corning R-861 75% Epon 1001
R Sy B, 750 een oo
X-4315 25% Dow Corning Z-6018 75% Epon 1001
X-4316 15% Dow Corning Z-6018 85% Epon 1001
X-4317 35% Dow Corning Z-6018 65% Epon 1001
X-4209 50% Dow Corning Z-6018 50% Epon 1001

B. Screening of Clear Resins

The silicone-epoxy copolymers were screened in the usual
mannexr., Versamid 115, Dow Corning 2-6020, and diethylene
triamine were used as catalysts. Almost all of these
materials were excellent when tested in the clear film

as can be seen from Table 55.

4 C. Epoxy and Silicone-Epoxy Primers

Primers were prepared from a number of epoxy and silicone-
epoxy resins. Only two cf them, 301-188-C and 301-232-E,
were included in future work., Results of bimetallic
corrosion and salt spray testing of the epoxy and silicone-

epoxy primers can be found in Tables 56 and 57,
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D. Epoxy and Silicone-Epoxy Olive Drab Topcoats

None of the olive drab topcoats made from the epoxy

w@ and silicone-epoxy resins performed as well as expected
and all were eliminated from future testing., Bimetallic
corrosion and salt spray results can be found in Tables

58 and 59.

E. Epoxy and Silicone-Epoxy White Topcoats

Of the white systems tested, only the following was

considered satisfactory:

Primer Topcoat
301-131-B 301-211-C

Results of galvanic corrosion and salt spray testing

can be found in Tables 60 and 61.




-

N o T M

MmN

N N

Yy N NN

NN DN

Suraey

T-H TT°US %01
T-H TT124S 701

ST1
S1IT

STT
STT

61T
ST1

ST1
STT

S11
ST1

T-H 1194S
T1-H TT3uS

T-H
1-H

PIWESI2A
pPIWESIaA

pIWESIaA
pTUWESIDA

pTmESIap
pTumesIap

pImMESIaA
PIWESIIA

PTUESIDA
pImESIap

Ovd - 1°GG-H Touody Tiays
ovd - 1°GG-H Touody [iays

%01
%0T

TT2US
T12U8

%ST
yAYA

yAY4
AY4

%ST
%ST

%S¢
YAYA

yAYA
yAY4

:0000~-9-¥X Butuzo) mog
10000-9-¥X 3utuio) moq

160Z%~-X PueIpPIH
‘60Z%-X PUBTIPTH

%0T :100T uodam
%0T  :1001 uody

LTED-X PUBRTIPIK
SL1EY-X PUBTPTH

‘9TEY-X PUBTIPTIW
‘9TEY =X PUBTPTW

‘GIEY-X PUBRIPTIH
‘GIEY-X PUBTPTH

CETEY-X PUBTPIW
‘ETEY-X PUBTPTH

*TTIEY-X PUBTPTH
TTEY-X PUBTPTH

%06
%06

%06
%06

%06
%06

YAYA
A

%St
%SL

YAY4
yAY4

EAYA
%SL

yAYA
YAY4

919TIYaA jeoodol

S3802d0o] qeiIQJ IATTQ AXOdg-3UODTITS pue Axodyg

8¢

JOo 3UT3S3a] UOCTSOII0) OTI[[eIdWTd

a1qel

61C -

V-6.2-10¢
V-6.Z-10¢€

d-%0Z-10¢
d-70Z-T0¢

4-%0Z-10¢
qI-%0Z-T0¢

0-%702-T0¢
J-%07-10¢

a-%€z-10¢€
a-%£z-10¢€

a-7€Z-10€
4-9€7-T0¢

a-£zz-10¢
a-gzz-10¢€

g-€2Z-10¢
q-€£2Z-10¢€

a-g2z-10¢
a-zzz-1o¢

apod UWOUNO.H

g4-T€1-10€
V-£01-10¢

9-T€T-10€
V-£01-10¢

4-1€T-T0E
V-€01-T10¢€

9-T€T-10€
V-£01-10€

4-1€1~-T0€
V-€01~-10€

9-T€T1-10¢
V-€0T-TOE

9-T1€1-10€
V-£0T1-10€

q4-T€T1-10€
V-€01~10€

4-TET-T0€
V-€0T-10€

3poD aswrad




*uoryexedaad Buranp payyed Burleo) - 9

*2anTTeI WITJF I9Y3lo I0 3uTORID 03 INp paiIsal 0N - °*I°N

00S
*UOTSO0II0D IIIAIS puUB SIIISTTq Auey ueyy ssa] 4
*UOTSOII0D 00¢S
9TqeIBPTSUCD pur SI33STTq LAupy ueya ss9] Vi
*uoTsoxxoo 3JYST[S pue sI93STIq 231e]
MmaJ °*SI33ISTIq WNIpaw pup Tlews Auey 00S <
*uoTSs0I1x02 IY3ITS Kxa2pA
*SI93IST[q WNIpam MdJ puep JTewWs AUEK 006 Z
*uor3eI0T0OSTP IYSITS
X0 sI931STITq TIPWS AIa9A mMdJ Aaap 006 T
3093394 00§ 0
T2uBg JO UOF3ITPuUO) posodxg sanoy Butaey

wd3s4g BUTIEY UOTSOIIO0) O11EIdWTd

- 0T -




- *pa3sa] 30N - A-%0¢-10¢ 9-TET1-T0¢
00z Buryoead azansg 0 I-40Z-T0€ V-€0T-10¢€
00z *SI9ISTTq T1ews Kuem Kxop 0 2-90Z-10€ g-1€T1-10¢
000Z °°qTadS UO UOTIRIOTODSIP pue BuraITT y8r1s ‘uorsoxiod 23jelspom {S193SYTq TIBWS Ma g 0 0-90Z-10¢ V-€0T1-10¢
0002 *2qFads uo JUTIFTY pue UOISOIAOD YIS ‘193S1I1Q unypaw auo {193SYTq JTBWS Bup 0 a-v€¢-10¢ g-T121-10€
*3qTads uo 3uy3lyTT YSTIS pue

0002 UOTS0110D I3BIBpPOW ‘SIIISTIq WNIpaw om3 pue TTews awos {SIBISTTQ JTeWS AI9A Auey d€¢ a-v¢€z-10¢€ V-£01-10€
*9qTads uo 3ur3lFIY

0002 3y31[s pue uorsoxiod 93eIapom ‘S193STITQ WNnTpam om3 {5193ST1q TreWS A19A Bwmog 0 d-%€Z~10€ g-T€1-10¢€
*2qrads uo 3urlyTT pue

0002 UOTS01I00 33pI9pomw ‘SIIISTq WNIpaw awos pue aTIe] omy {S193STTq TrEWS M3y A1ap deg d-2€Z-10¢ vV-£01-10¢
*8qTIds UO TTE ‘UOTIBIOTOISIP

0002 pue 3uy3ITT IYSTTS ‘UoTS01102 @3RIDPOW ‘S193STTq WNIpaw MdF pue 93xe1 omL 0 a-£ze-10¢ g4-T€T1-T0¢
*aqraos uo BuralIIY

0002 IY3TTs pue UOTSOIIOD 2jelspow ‘SIPISITq wWNTpaw mMaF {S193ST1q TTPWs LI2A awog 1 a-g£ze¢-10¢ V-€01-10¢
*aqraos

0002 uo Bur3IT] pue UOTSOII0D IYSITs “1393ST[q wnipaw 3uo {5193ST1q [1ews LIaA Kuey 0 4-£22~10¢ g-1€1-10€

000Z °3qrads uo 3uy3lIT] pue UOTS0II0D 3Y3ITs “a93sT1q 9F1BT BUO {81938T1q TTeWS L13A Auey d€ g-£22-10¢€ Y¥-£€01~-10€
*aqrads uo JuylITY

0002 PUB UOTS0I10D JIYITTS ‘SI33STTq Tleuws M3y {133STTq 9811 3uo pue Trems Li1sa Kuey 0 a-zzzZ-10¢€ 4-1€1-10¢€

0002 ‘2qr1ds uo Buy3ITT IYSTI[Ss {UOFS0II0D Iy3T1s ‘1935T1q @8ae] auo pue 1Tews £aaa Aupy d€g a-zzz-10€ Y-€01-10¢

P23s3], s3Tnsay uoyTsaypy apo) jeoddo] IPoO) IBWTAJ

SInoy

sjeoddol qeaq aATIO AX0dg-3U0dTTIS pue Axodgm Jo 3ur3sal Keads 3Tes ¢

6S @1qel

- 12T -




*3qTIdSs uo
0002 uoTs0x300 JYSTS puP SIBISTTQ [TBWS MOJ 'IBISTIQ T[PWS SUO pue TTEWS AIDA MIY 0

V-6.Z-T0¢ g-T€T1-T0€

- *paidsa), 30N - V-6.2-10¢€ V-€0T1~-10¢

00 *®qIads UO UOTSO0II0D pUBR UOTIRIOIOISTP IUSITS $sI93STTq TTeWS Auey 0 J-90Z-10€ 4-1€T-10€

00%1 *3qTId8 UO UOTS0IX0D pue ‘SuUTIFTT ‘UOTIRIOTOISTP IYBY(s ¢SI9ISTIq TTPWS mog 0 A-%0Z-10€ V-£0T-T0€

pa3sar s3nsay uoTsaUpy apo) jeoado] apo) TamIig
SInoy

§3800d0] qelq 9ATI0 AX0d3z-aUOOITIS puer 4Axodg 3o 3ur3sa), Aexds jTes %G
(penurjuod) ¢ 21qEL

- 2¢t -




?3ea3sqns
woxy Iasutad yo Bur3lzyr 339Tdwon

23ex3sqns woiy iawtad ‘sanyiey %G/-06
?3ea3sqns woxy Iawrad ‘aanyIey %205-GZ
@3ea3sqns moxy xdwfad ‘sanyrey %Gz-01

?3ea3ysqns
woxy zawyad ‘asanyiey %O UBY3 SSI]

UOTE3aYPY IJUITTIOXH

d¢

d

d¢

d¢

dT

xawtad woiy 3jeoodo3l Jo BurlrFIT 2391dwmo)
xawtad woay 3eoodol ‘aanyrey %G/-0S
xawtxd woxy 3e0odol ‘aanyTeY¥ %0S-6Z
aouwtad woay jeoddol ‘@anyrey %SZ-01

Jawtad
woxy 3evoodol ‘danyrey %1 ueyl sso]

UOTSIYPY IUITTIOXY

uoT3dTaOsaq

3utryey

uotadraosag

wR3SAS 3durjey UOTSIYPY

- €27 -

e T §

Fur3ey




3 3

=
L
nm Z e~ NN

NN N ™ NN NN

N ™ M~

SuTaen

T-H TT9US %01
T-H TT2US %01

ST1
11

STT
ST1

STT
S11

ST1
S11

11
STT

ovd -

ovd

T-H TT°4S %01
T-H T19Us %01

T-H TT134S 70T

1°6S-H Touody T3S
T1°66-H Touody T1aus

:0000-9-¥X 3uyuzo) moq
10000-9-¥X 3uruio) moq

$60Z%7-X PUBTPTNW
$60Z%-X PUBTPTH

16001 uody

T-H TIT9US %20T :6001 uvody

T-H TT3us
Aumaamzm

pIUBSI9\
pIUESIDA

pTEWESI9A
pIWBS X9/

pPTUESI3A
pPTWESIap

PIWESISA
PITES IO

PTUWESIIA
pTuESIap

%St
ST

%ST
ATA

yATA
%S¢T

%ST
%ST

yAT4
AT

20T :T00T uodzy
%01 :1001 uody

L1E%-X PUBTPTHW
SL1EY-X PUBTPTH

‘91¢H-X PUBTPTH
(9TEY-X PUBTPTH

‘GTIER-X PUBTPTH
‘CTEY-X PUBTPTH

‘ETEY-X PUBTPTH
‘ETEY-X PUBTDPTH

ITE7-X PUBTPTH
TTIEY-X PUBTIPIH

%06
%06

%06
206

%06
%06

%06
%06

%SL
yAYA

%SL
%SL

%SL
zsL

%SL
%se

%S L
%SL

4-6.T-10¢
4-6.2-10¢

a-112-10€
a-11z-10¢

0-T112-10¢
O-112Z-10¢

4-112-10¢€
€-T1Z-10¢

V-11Z-T0¢
V-T112-10¢

H-9%2-10¢
H-9%Z-T0€

d-9%Z-T10€
d-9%2-10¢

a-9%z-10¢
a-9%Z-10¢t

9-9%2-10¢€
4-9%Z-10¢

A-T1Z-T0€
A-T1Z-10€

ITOTUYL2A 3e0oddo]

s§3809d0], 33TYM AX0dg-2UO0DTTIS pue Axodg Jo 3uT3Sa]

09 31qel

7t -

UOTSOXI0) OFTTeIawWTg

apo) 3eoddo],.

9-TeT-10¢
V-£0T-T10€

g4-T1€T-TOE
V-£01-T0¢

4-1€T1-10€
vV-£0T1-T0€

9-T€T-10¢
V-£0T1-T0€

g-TET-10€
V-€01-TOE

9-T1€1-T0¢
V-£0T1-T0€

9-1€T-T10¢
V-€01-10€

g-1€1-10¢€
V-€01-T0€

g-1€T~-T0€
V-£01-T0€

g-T€T-10€
V-£01-T0¢t

3poD Iowfid




‘uotrjeaedaad Suranp peyre8 Buijzeoy - 9

‘8INTTey WITI I3Yyjo 10 BUTHOBAD 03 Bnp palsady JON - °L°N

00§
‘UOTSO0II0D DIIABS pUB SIBISTIq Auey ueyy sso] S
*uO0TS0II0D 009
9TQRIIPTISUOD pUB SIBISTTq Luey upyl ss9q 4
*U0OTS01109 IY3TTS pue SI93STTq 931ey
M3 °*SIIISTTq wnipsw pue [Tews Auey 00S €
*UOTS01x02 JUITTS Laap
*SI33STTQ WNIpam M8 pue YleUS AuBK 00¢S z
*UOTIBRIOTOISTP JUIITS
10 §a93STTq TTEWS LI19A MoI Aaap 00S 1
3093394 00¢S 0
19ued JO UOT3TpPuUO) posodxy sanoH Furaey

wa3sAS 3uTjey UOTSOIIO) OT[EI2WLY

- 6z -




‘9qTaIds uwo FuyrlyTT 3uBITS

0002 ‘ustsoaxod 3.|811s £aaa ‘s193STTq T1ews Moy mmuwumﬂan Tlews £13a auwog 1 o2-112-10¢€ d-1€T1-10€

- *pPa3sal 30N - 0-112-10¢€ V-£0T-10€

"SI93ISTTq TTews Auey 0 4-112-10¢€ d-T€T-T0€
‘@qTIdS UO UOTS0I10D u311s

0002 419a pue Bur3zyly IU3TITS ‘sa93STITq TTeWS M33 {s193STTq Tyews Lxoa Auey 0 d-11Z-10€ vV-€0T-10¢

0002 ‘@QTIdS U0 LOTSO1I0D IYSTTS {8193STTq TreWS A13An Auey 0 V-112-10¢€ 4-T€T-10¢€
*aqraos

0002 Uo uorso110d Iy317s £I9a pue SIIISTIQ TIews may {8193ST1q TrEWS K19A Auey 0 V-11Z-TO€ V-€01-10¢
*3qTIdS uo

000¢ UOTsox100 YBITS ‘I133STTq wnIpaw suo PUB TJTews awos 's133sTTq TreWS £19A awog 0 H-9%Z-10¢ d-1€T1-10€
*9qIaIos uo

0002 Uorsox10d pue 3ur3lITT IYSITS ‘SI93STTq TTews maj {S193STITq TTews Lisa Auey € H-9%Z-10¢€ V-£01-T10€

0002 “9qT1ds U0 UOTS01I0D IYBITS ‘s193ST1q 1TRWS A19A Kuey 0 d-9%z-10¢ d-T€T-T0€

0002 ‘9qTAOS UO UOTS0II0d NITITS A1aa {SI93STTq T1eWS K13A Auep 0 d-9%Z-10¢€ V-£01-10€

0002 *dQIIDS UO UOTSO0II0d IY3TTS A19a {81935T1q T1eWs K1aa Luey 0 a-94z30¢ g-1€1~T0€
*3qTaDS UO UOTSOII0D

0002 W3ITS L1894 ‘sI935TIq unypaw pue TTeWS 2wos §193ST1q TTews Kxaa Auey 0 a-94%Z-10¢€ V-£01-10¢

0002 ‘9qIIdS UO UOTSOIIOD y3rTs {S193STTq TTRWS Kxaa Auey 0 94-9%2~10¢ d-T€1-T0€

0002 "9qTa0s U0 UOTS0II0d IBITS Lioa {s1935T1q TTews LA Auey 0 d-9%2-10¢€ V-€01-10¢

0002 *8qTadS U0 UOTSOIIOd IY3IYS !$193ST1q TTewWs KisA Luey 0 X-11Z-10€ d-1€1~-10€
*3qQTIDS U0 UOTSOIl0d

0002 PUE JUT3IITT IUBTS £19A ‘s193STIq [TewWS owos {8193ST1q 1TBWS L3094 Auey dg A-T12-10€ V-£01-10€

po3sa], s3Insay uoT saupy apo) 3eoddog, apo) aswiag

SInol

s3e00do], 33TUM Axodg-auodT115 pue Axod3 jo Sur3seyl Aeadg I1es %g
19 @1qeL

- 9zt -




*aqTads
0002 U0 UOTS03I0D JYIFTS AI2A ‘SISISTTQ [TeUS MAJ $SIIISTTQ TTEWS KI9A Kuey 0 a-612-10¢ q-1€T1~-T10€
- °pa3isal JoN 0 4-6.7-T0¢ V-£0T-10€
0002 *9qTIds UO UOTSO0IX0D YIT[S L19A {SIBISTTQ TTEWS LISA MI4 0 a-11Z-10€ q4-1€1~-10¢
0001 *3urioead ‘sSa93STTq TTeWS Laaa Luey 0 a-11z-10¢ V-£01-10€
pa3say s3TNS9Y uorsaypv apo) 3eoddo], 9po) asumtag

sanoy

s3voddo] @3TUM AXx0dg-2ucdTIT¥S pue Axody jo Burlsa], Aeads ITeS LS
(panutjuod) 19 aiqel

- 12T -




93e135qns woay zxowrad jo Surlzzyy 9397dmo) dg xdwrad moay jeoodog 3o 3urayIY 9391dmo) o
@3eI13sqns woxy zawtxad ‘saniTey %¢/-Q¢ dvy Ioutad woxy 3eosdoy ‘2InTIRY %C/-0C 4
@3ea3sqns woxy zewrad ‘aanTTEy %0G-GZ de¢ Toutrad woxy jeosdoy ‘sanyrey 206-CZ €
®3ea3sqns woxay zswyad ‘sanirey %¢z-0f dz Iouwrad woxy jeoddoa ‘santrey 262Z~0T z

ajeajsqns xawyaxd
woay zawyad ‘sanyyey %01 ueyl sso d1 @woxy Jeoodol ‘aanyrey Y01 ueysy ss97 1
UoTSaYPY JUIT9OXF 0 UoTS3aUPY JUITTIOXT 0
uoT3driosaq Furyey uoT3dTIosaq BuTaex

wa3SAS Fuljey UoTsaypy

- e¢z -




A,

- 229 -
Section IX

Miscellaneous Primer Work

Conventional Primers

It was decided to evaluate some conventional corrosion
inhibiting primers under some of the better topcoats.

The following materials were chosen for evaluation:

Primer Code Type
1. 407 MIL-P-15328
2, 621 TT-E-485d Olive Drab
3. 408 MIL-P-7962
4, 503 MIL-P-11414A

The wash primer, 407, was catalyzed with half the normal

acid.

The following olive drab topcoats were used over the

conventional primers:

1. 301-114-C
2, 301-115-A
3. 301-134-A
4, 301-134-C

5. 301-118-F

In general, the performance of coating systems using
conventional primers was poor. In the few cases where
performance in the bimetallic coupling test was fairly
good, the salt spray results were not as good as those
obtained when the experimental primers were used. The
conventional primers were, therefore, eliminated from
additional testing., Bimetallic corrosion and salt

spray results are in Tables 62 and 63. (See fig. 9)
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FIG, 9

503

Fig. 9

GALVANIC CORROSION TESTING OF COATING SYSTEMS USING

SPECIFICATION PRIMERS,
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Primers Containing Molybdate Pigments

During the course of the contract, a new series of
corrosion inhibiting pigments became commercially
available, These materials, made by Mineral Pigments
Corporation, are calcium, strontium, and zinc molybdate,
While they supposedly do an excellent job in the protection
of ferrous substrates, no information was available regard-
ing their effectiveness over magnesium, The following

pigments were used:

1. 0820 calcium molybdate
2, 0830 zinc molybdate
3. 0838 strontium molybdate

4, 0821 calcium molybdate extended with
calcium carbonate

5. 0831 zinc molybdate extended with
calcium carbonate

6. 0839 strontium molybdate extended with
calcium carbonate

The vehicles used were:

1., Midland R-55: Plaskon ST-847

2. Dow Corning XR-6-0000: Versamid 115
Pigment content was varied from 20 to 65% by weight.

It was found that several of these primers, particularly
at low pigment loadings, performed well in the bimetallic
corrosion test, The salt spray performance of these coat-
ings, however, was extremely poor, The molybdate pigments,
rather than having an inhibitory effect on corrosion,
actually seemed to promote corrosion. Galvanic corrosion
and salt spray testing results of molybdate primers can

be found in Tables 64 and 65.
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Altrough the salt spray performance of the molybdate
primers was poor, it was decided to try a few of them
under some of the better topcoats, The following were

chosen:

’ 1. 301-252-F
2, 301-253-B

3. 301-253-G
Topcoats used for this program were:

1. 301-118-F
2, 301-175-B
3. 301-114-C
4. 301-134-A
5. 301-204-a

o. 301-163-B (white)

The coating systems using the molybdate primers were
fair in the bimetallic corrosion test but performed
poorly in the salt spray. These primers were eliminated
from further testing. Galvanic corrosion and salt spray

results can be found in Tables 66 and 67.

C. Comparison of Zinc Chromate Pigments from Various Suppliers

Midland R-55: Plaskon ST-847 primers were made from zinc
chromate pigments obtained from the following suppliers:
1. 1Imperical Color, Chemical & Paper Corp.
2. Reichhold Chemicals, Inc.

3. Western Dry Color Company
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4, Kentucky Color & Chemical Company

5. DuPont

Bimetallic corrosion tests performed on panels coated
with these primers indicated no substantial differences

in tuese pigments as far as tuneir performance in this

coating was concerned.
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D. Effect of Extender Pigments on Primer Performance

Earlier in the contract, small amounts of extender
piéments were added to some primers to determine the
effect of tie inerts on bimetallic corrosion resist-
ance. No topcoats were used. The primers contain-

ing the inert pigments were far inferior in performance

to the same coatings without the inerts.

It was believed worthwhile testing tne two best
primers, with and witnout extender pigments, under
some of the better topcoats. The following primers

were used:

1. 301-103-A zinc chromate primer

2. 301-124-RH zinc cnromate primer with
extender pigments

3. 301-131-B calcium chromate primer
4, 301-232-H calcium cnromate primer with
extender pigments

The first two primers above nave Midland R-55:
Plaskon ST-847 as the vehicle while the other
remaining two coatings contain a Dow Corning XR-6-0000:
Versamid 115 vehicle., The following topcoats were
used over each primer:

1. 301-115-A

2. 301-134-A

3. 301-175-A

4, 301-175-C

5. 301-222-A

6. 301-183-B (white)
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The results of the testing of tnis series are very
siﬁilar to those obtained when only the primers were
tested, namely, systems using primers containing no
extender pigments performed much better than systems
using primers with inert pigments. Results of salt
spray and bimetallic corrosion testing can be found

in Tables 68 and 69. (See fig. 10)

Effect of Tri-butyl Tin Oxide on Galvanic Corrosion

Resistance

Tri-butyl tin oxide supposedly has an inhibitory
effect on the corrosion of magnesium, Swmall amounts
of TBTO were, therefore, added to the 301-131-B
calcium chromate primer, Similar additions of TBTO
to tne 301-103-A zinc chromate primer produced
incompatibility and gelation, The results of the
testing of coatings containing TBTO seem to indicate
that for this particular coating, the addition of
TBTO accelerates rather than inhibits corrosion,
Salt spray and bimetallic corrosion results are

listed in Tables 70 and 71.
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Table 69

5% Salt Spray Testing of Coating Systems
Using Primers Containing Extender Pigments

Primer Topcoat Hours
Code Code Adhesion Results Tested
301-103-A 301-115=A 5 Slight corrosion and one medium blister 2000
‘ on scribe.
Jl-124-H 301-115-A 3 One medium and few small blisters, slight 2000
lifting and moderate corrosion, all on scribe.
301-131-B 301-115-A 2 Very slight lifting on scribe. 2000
301-232-H 301-115-A 0 Few small and one medium blister, slight 2000

lifting and corrosion, all on scribe.

301-103-A 301=-134-A 0 Few small blisters and slight lifting on scribe. 2000

301-124-H 301-134-A O Some very small blisters; one medium blister, 2000
moderate corrosion and slight lifting on
scribe.

301-131-B 301-134-A O Very slight lifting and few very small blisters 2000
on scribe.

301-232-H 301«134<A O Some very small blisters; two medium blis- 2000

ters, slight corrosion and lifting on scribe.

301-103-A 301-175-A 5 Slight corrosion on scribe. 2000
301-124-H 301-175~A 0 Many small blisters, slight corrosion and 2000
lifting, all on scribe.

301-131-B 301=175-A 1 Few very small blisters and slight corrosion 2000
on scrike.
301-232-H 301-175-A 0 Few small and one medium blister, slight 2000

corrosion and lifting, all on scribe.

301-103=-A 301-175-C 5 Slight lifting and corrosion on scribe. 2000
301-124-H 301-175=C 3 Two medium blisters; few small blisters, 2000
slight corrosion and lifting on scribe.

301-131-B 301-175-C 5 Two small blisters, very slight lifting and 2000
corrosion, all on scribe,
3014232~H 301-175-C 0 Many very small blisters; few small blisters, 2000

slight corrosion and lifting on scribe.

301=103=A 301~222-A 5 Very few small blisters and slight corrosion 2000
on scribe.
" 301-124-H 301-222-A 1 Slight corrosion and lifting on scribe. 2000
301=131-B 301=222-A 5 Few small and one medium blister, slight 2000
lifting and corrosion, all on scribe.
301-232-H 301=-222-A O Few small blisters, slight lifting and 2000

corrosion, all on scribe,
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Table 69 (continued)

5% Salt Spray Testing of Coating Systems
Using Primers Containing Extender Pigments

Primer Topcoat

Code Code Adhesion Results

301-103=-A 301-183~B 1 Completely unaffected.

301-124-H 301~183-B 0 Few small blisters; slight lifting and very
slight corrosion on scribe.

301-131-B 301-183-B 0 Very slight corrosion on scribe.

301-232-H 301-183-B 0 Few very small blisters; many very small

blisters and slight corrosion on scribe.

Hours

2000
2000

2000
2000
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FIG, 10

RESULTS OF ADDING INERT PIGMENTS TO PRIMERS
C - INERTS ADDED A = WITHOUT

Fig. 10
EFFECT OF ADDITION OF INERT PIGMENT TO PRIMERS OF

PREFERRED COATING SYSTEMS
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F. Evaluation of Previously Eliminated Primers

Since all evaluation of complete coating systems had
béen conducted using only two primers, it was decided
to test some of the better topcoats over some previously
eliminated primers, It was also decided to include
some of the primers which were developed later in the
contract and never tested under topcoats. The primers

chosen for this study were:

Primer Code Vehicle Pigment

1. 301-106-A Epon 1001: Versamid 115 ZnCr0y

2, 301-106-G Epon 1001: Versamid 115 CaCr0,

3. 301-106-K Epon 1001: Diethylene Triamine CaCr0,

4, 301-107-A Epon 1009: Versamid 115 ZnCr0,

5. 301-102-D Kel F Fluorel: Acryloid A-101 ZnCx 0y

6. 301-158-L Midland X-4245 ZnCr0,

7. 301-159-D Midland X-4271 ZnCr0,

8. 301-188-C Epon 1001: Snell H-1 CaCr0y,

9. 301-202-A Midland X-4283 ZnCr0y

10. 301-15s-C Midland X-4240 CaCr0,
11. 301-159-G Midland X~4282 ZnCr0,
12, 301-232-E Midland X-4316: Versamid 115 CaCrOy

The topcoats used were:
1. 301-175-B Olive Drab
2. 301-118-F Olive Drab
3. 301-114-C Olive Drab
4., 301-134-A Olive Drab
5. 301-134-C Olive Drab
6. 301-163-B White
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As usual, both bimetallic corrosion and salt spray
resistance of tliese coating systems was determined.
All of these systems, as can be seen from Tables 72
and 73, were inferior to tne best coating systems and

were eliminated from furtner consideration.
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G. Primers Containing Miscellaneous Vehicles

During the course of the contract, a number of
miscellaneous vehicles were tested, Some of these
materials passed initial screening tests in clear
films and were incorporated into primers. These

resin systems were:

1. Midland X-3928 - a silicone copolymer.
2. Dow Corning R-6-0031l: Mondur CB-75 - This
vehicle is the same as one of the better vehicles

but the Multron R-16 polyester was eliminated.

3. Midland X-4415 - a silicone copolymer.
4, Midland X-4323 - a silicone copolymer.
5. ADM Aroflint 202-XA1-60: 303-X-90,

6. Cargill 1459 Polyurethane Oil.

7. Midland X-3934 - a urethane prepolymer.

None of these primers were considered good enough to
warrant further investigation. Bimetallic corrosion
and salt spray results can be found in Tables 74 and

75,

H. Reformulation of 301-131-B Primer

:& One of the problems with the 301-131-B primer was the
extremely hard settling of the pigment. A small amount
of Bentone 27 was added to correct this condition. The

code for the reformulated primer was 301-271-D,
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It was then discovered that the General Electric 5R-82
which was added as a flow control agent was absorbed
by the pigment, eventually causing a flow problem.
This was corrected by putting the SR-82 into the
catalyst system, The code for the final revised
formula is 301-275-E. No change in performance of

the primer was noticed as these changes were made.
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Section X

Miscellaneous Olive Drab Topcoat Work

Reformulation of Olive Drab Topcoats to Match

Color #X-24087.

During the course of the contract, it was decided the
color of the olive drab topcoat should match color
chip #X-24087 rather than #2430. This color was
obtained by deleting the titanium dioxide from the
original pigmentation and shading the resulting
color. The formula codes for the shaded systems

are as follows:

#2430 #X-24087
301-114-C 301-264-B
301-175-B 301-270-C
301-118-F 301-284-D
301-134-A 301-278-E
301-134-C 301-278-C

In addition to matching the new color, these formu-

lations were corrected to the proper gloss.

Corrosion Resistance of Reformulated Olive Drab Topcoats

It was decided to compare the reformulated topcoats
with the original coatings. In addition, the effect
of some variations in pigment volume concentration were

evaluated. The coatings tested and their variables

were:
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R-6-0031

Multron R-16 Midland R-6-0031

Mondur CB-75 R=55 BRS-2600
Original PVC, color #2430 301-1ls-F 301-175-B  301-114-C
Original PVC, color #X-24087 301-312-D 301-314-A  301-315-A
Original PVC, color #X-24087,  301-313-B 301-314-B  301-315-B
witnout inert pigments
New PVC, color #2430 301-312-B 301-313-C  301-314-C
New PVC, color #X-24067 301-284-D 301-270-C  301-264-B

It can be seen from Table 76 that there was very
little cnange in galvanic corrosion resistance

when the olive drab coatings were reformulated,

At tne time of tnis test, it was noted that there
was considerable variation in the appearance of the
Dow 17 treated panels. Some of the panels had a
uniform appearance while others looked spotty.

Eacl. of these coatings was tested on both types

of substrate. Neither substrate was consistently
better than the otner, No salt spfay tests were

performed,




W2

|

~ANNNN NN NNNNN =Nt N

GL-4D
S¢-9D
G.-90
SL-4D
GL-9D

GL-9D
SL-9D
GL-9D
GL-9D
GL-49D

anpuop
anpuoy
ANpUoH
anpuow
anpuon

anpuol
Inpuow
anpuoly
Inpuol
anpuoy

UOIITT
uoxITIY
uoIITNY
UOIXITIW
UOIITNW

uoxITNR
uoII TN
uoal Ty
uoxI TN
uox3Tmy

:1€00-9-¥
*1€00-9-¥
:1£00-9-¥
11€00-9-¥
‘1€00-9-4

*1£00-9-4
‘1€£00-9-¥
:1€£00-9-4
$1€00-9-¥
‘1€00-9-¥

3utuao)
Sutuxo)
3uruao)
3uruxo)
3utuao)

Sutuxoy
8utuxo)
Butuao)
3utuaon
Sutuion

aoq
moq
moq
Moq
#o(Qq

moq
moq
moq
moq
moq

GC-¥ pUBTPTIR
GC-d PUBTPTH
GG-¥ PuBTPIH
GG-4 PUeRTPTH
GG-d PUETPTH

G6-d

pPueTPTH

6G-d PUETPTH
SG-Y4 PUEIPTH
GS-4 PUBTPTH
GG-d PuUeRTPTH

]

9TOTUSA 3e02dO]

$31800d0], qBAq 9ATI0 PP3I¥[NEIOJoY JO BUT3ISI] UOTSOII0) OFITeIdUWTY

9/ °@19®lL

- 9T -

a-%8z-10¢
4-Z1€-10€
2-¢T¢-10¢
a-z1e-10¢€
I-811-10¢

a-%%Z-10¢
g-Z1€-10€
4-€1€-T10€
a-zie-10¢
J-RT1-10¢

0-0/2-10¢
J-€1€-10€
d-9TE-T10€
V-%1€-10¢
4-GL(1-10¢

0-0/Z-10¢
0-€1£-T0¢
q-71€-T10¢
V-%1€-T0€
g-GL1-T0¢

3po) aeoodo],

3-GLT-10¢
4-6/Z-T0€
I-SLT-T0¢E
I-6L2-T0€
I-617-T0¢€

V-£0T-T0¢
V-£0T1-10¢t
v-€0T1~T0¢E
v-£0T-10€
V-£01-10€

3-G6(2-10¢€
q-6/Z-10¢€
qA-612-T0¢€
I-SLT-T0¢
q-5L2-T0¢

V-€0T-10¢
V-€0T-10¢€
V-£01-10¢
v-€0T-T0€
V-£01-10¢

apo) Tewtid




L

=

L3
=
.
MNMHZNM NNZNN

]
:

009Z-S¥9 @3TT3%ed :TE€00-9-¥ 3utuxon moqg g4-792-10¢
009Z-S¥4 23TT79ed :1£00-~9-¥ Sutuzo) mng o-%1€~10¢
0092-S8¥d @3TTaYed :1£00-9-¥ 3utuio) moq g4-C1E-10¢
009Z-S¥4 93T119%ed :1€00-9-4 Suruio) moq V-STe-10¢
009¢-S¥d @3¥T23ed :1€£00-9- Juruxo) mog O-%11-10¢
009Z-S¥d @3TTaYed :1£00-9-¥ 3ujuio) mog a-79Z-10¢
009Z-5¥d @3TT9ded :1£00-9-4 SBuruio) mog I-%71e-10¢
009Z-S¥d @3TTaYed :1€£00-9-¥ 3uruio) moqg d-CT1E-10¢
009Z~-S¥4 23TT9%ed :1€00-9-4 Buruzo) moq V-G1E-10t
009Z-S¥4 @3TTajed :1£00-9-¥ 3uruio) moq I-%T11-10¢€

9TOTYaA Jeoddo] apo) 3eoodoj,

s3eoddol qeiQ 2ATI0 pa2leInuIOIay JO SUTISI] UOTS0IX0) OF][EIoWEd

(penut3uod) 9/ °1qel

- e -

3-612-10¢€
g-6/2-10¢€
3-6/2-10¢
I-6LZ-10€
q-6LT-T0€

V-£01-10€
V-£01-10€
V-£01-10¢€
V-£01-10€
V-£0T-10¢

apo) zutad




*uotjexedaad Juranp payyal Sujzeon - 9

‘@InTTey wWlTJ I9Ylo 1o Juryoead 03 snp palsal ION - *I°N

‘UOTSO01I0D 3I9AIS pueB SIIISTIq Auey

*UOTS01X0D
91qeaapIsuod pue SIIISTIq Auel

*uorsoxxod Y3FTs pue sIIISTIq adaer
M3 °SI9]STTq WNIpaw pue Jlews Auey

‘uorsoxaod Y3ITTs Laop
*SI33ST[q WnIpow MdY pue Treus Auey

*uoT3IBIOTOISTP IU3YTS
X0 SI9ISTTQ TTemS AI3A M3F Laap

3993334

12Ued Jo UOTITPUOD

00S
ueyy ssor

00§
ueyy ssaq
00¢

00s

00¢
00¢S
pesodxy SanoH

we3s4S SuUTIPY UOTSOII0) OF]eIaWwrg

- 8.7 -

guraey




c.

- 279 -

Alternate Olive Drab Pigmentation

An alternate form of pigmentation was tried using the
Midland R-55: Plaskon ST-847 vehicle. The following

pigment system was used:

Graphite 17.4%
Mapico #20 17.7%
Cadmium lithopone 24.7%
Tale 40,2%
100.0%

Coatings with pigment contents of 40 and 60% were
evaluated. Since no improvements were gained using
this pigmentation, the original pigment system was

used for the remainder of the contract.

Addition of Wax to Olive Drab Topcoats

Since wax had been so effective in preventing corro-
sion of the edges of tl.e panels, it was decided to
add some wax to the olive drab topcoats. Petrolatum
and spermaceti were the waxes used. The coatings
containing the waxes were no better in corrosion
resistance, and in most cases worse, than the coat-
ings without wax. A coating of wax was applied

over some of the coating systems, also. Unless the
wax was applied in a very heavy coat, no improvements

were seen.
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Silane Treatment of Olive Drab Pigments

Since most of the problems encountered during the
duration of this contract were galvanic corrosion
failures, it was decided to try to stop the electro~
lyte from connecting the anode and cathode electrically.
If this could be accomplished, the galvanic cell would
be short circuited and no galvanic corrosion could
occur. It was believed the electrolyte either pene-
trated the paint film by wick action directly through
pigment particles or penetrated through the pigment-
resin interface. The latter was probably a weak link
since the organophobic nature of most pigments prevents
their surfaces from being properly wetted by resins,

If either of these conditions was responsible for the
generally poor galvanic corrosion resistance shown by
most coating systems, the problem theoretically could
be solved by making the pigment surfaces more organ-
ophilic. One way of doing this is by treating the

pPigments with silanes.

If a piément is properly treated with a silane, its
surface will become extremely water repellent. Based
on the surface area of a pigment, enough silane is
used to provide a monomolecular layer. The silane
reacts chemically with the pigment, orienting itself
with the organic portion of it outward, presenting a

hydrophobic, organophilic surface,

The following procedure was used to treat all pigments:
1. The amount of silane necessary to treat each
pigment was calculated. Lampblack, for ex-
ample, with a surface area of 38 square meters
per gram would require 0.095 grams of Union

Carbide A-154 to provide a monomolecular layer
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of silane, This figure was based on the silane
supplier's figure of 400 square meters per gram
of A-154 silane.

2. The moisture content of each pigment was adjusted
by adding water or ammonium hydroxide (as recom-
mended by the silane supplier). The water (or
ammonium hydroxide) was theoroughly distributed
throughout the pigment by placing the wetted pig-
ment in a can and tumbling for several hours on
pebble mill rollers.

3. The necessary amount of silane was then added
and the container was tumbled an additional 4
hours.

4, The pigment was removed from the can and air dried.
Pigment treated with A-154 was dried at 300°F for
1 hour to remove as much excess hydrochloric acid
as possible.

5. A small amount of the treated pigment was tested
for wettability by stirring in a beaker of water.

Only pigment not wetted by water was used,

Five silanes, Union Carbide‘s A-154 (methyltrichlorosilane),
A-162 (methyltriethoxysilane), ¥-2525 (vinyltrimethoxysilane),
Y-2815 (amyltrimethoxysilane), and Dow Corning Sylkyd 50,
were evaluated. The A-154 silane reacted faster and more
efficiently than the other materials but the HCl liberated
reacted with some of the pigments and changed their colorx.
The other materials caused no undesirable changes in color

but reacted very slowly.

The treated pigments were used to prepare olive drab
topcoats, These materials were applied over primers and
evaluated for resistance to galvanic corxosion. All top-

coats prepared from silane-treated pigments failed the

" pimetallic corrosion test within 150 hours.
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F. Plexibility Study of 301-284-D Topcoat
Samples of the better coatings developed during the
work on this contract were sent to the Coating and
Chemical Laboratory, Aberdeen Proving Grounds,
‘ Maryland, for evaluation. A comment was made that
the 301-284-D olive drab topcoat was lacking in
flexibility.

Several things were tried in an attempt to improve
the flexibility of this coating. They included:

a. Increasing the amount of Multron R-16 used.
b. Varying the proportions of all ingredients.
c. Adding a plasticizer other than Multron R-16.
d. Altering the PVC of this coating.

e. Using isocyanates other than Mondur CB-75.

It was found that removing the Multron R-16 and part
of the Mondur CB-75 and catalyzing with Trancoa 560B
provided the best flexibility. A topcoat made from
this vehicle, 301-433-J, was almost perfect in galvanic
corrosion resistance. A coating very similar to
301-433-J can be made by catalyzing 301-284-D with
component C (see section B in the appendix) rather
than component B, the normal catalyst used with

301-284-D.

G. Olive Drab Topcoats Containing Miscellaneous Vehicles

Olive Drab Topcoats were prepared from a number of

éh

miscellaneous vehicles. All were considered inferior
to the best topcoats in galvanic corrosion resistance
as can be seen from Table 77. No salt spray tests

were performed.
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Section XI

Miscellaneous Wuite Topcoat Work

A. Effect of Various Wuite Pigments on Corrosion Resistance

Since very few of the initial wnite topcoats showed good
corrosion resistance, it was decided to evaluate otuer
wihite pigments for improved corrosion resistance. The

pigments used were:

1. Antimony oxide
2. Zinc oxide

3. Zinc sulfide
4, Barium sulfate

5. Culoride process titanium dioxide

These pigments are represented by ti.e symbols in Table 75.

Tine vehicles used in tuese topcoats were:

1. Midland R-55
2. Dow Corning R-6-0031l: Multron R-16: Mondur CB-75

3. Epon 100l: Dow Corning 2-6020
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Table 78

Symbols Representing Pigments

A - Sulfate process titanium dioxide

B - Antimony oxide

C - Zinc sulfide

D - Barium sulfate

E - Chloride process titanium dioxide

F - Zinc oxide
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The bimetallic corrosion results in Table 79 show the
following pigment systems to be better than the sulfate

process titanium dioxide pigmentation:

1. 65% sulfate type Ti02: 35% zinc oxide
2. 50% sulfate process TiOz: 50% zinc sulfide

3. 100% chloride process TiO;.

White Topcoats Containing Same Vehicles as Best Olive

Drab Topcoats

Based on the results obtained when other white pigments
were used, some white topcoats were prepared using a
combipation of chloride process titanium dioxide and
either zinc oxide, zinc sulfide, or barium sulfate.

The same vehicles used in the best olive drab topcoats
were used for this study. None af these materials was
any better in corrosion resistance than the same coatings
using the sulfate process titanium dioxide. Galvanic
corrosion and salt spray results can be found in

Tables 80 and 81.
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C. Effect of Various Extender Pigments on Corrosion Resistance

All previous work on white topcoats had been done using
only talc as the extender pigment. In addition, the i
pigment content had been kept constant at 53% by weight.
’, It was then decided to evaluate a number of inert pigments
at a wide range of pigment contents. The following

extender pigments were chosen for evaluation:

(1) calcium carbonate
(2) wicronized talc
(3) Cab-0-Sil

(4) Santocel 54

(5) Syloid 162

Pigment content was varied from 20 to 70% by weight.

The bimetallic corrosion results in Table 82 indicate
the following combination of inert pigments and pigment

contents to be better than the initial combination:

(1) Talc at 70 or 53% pigment
(2) Ssantocel 54 or Syloid 162 at 20% pigment

Only a representative number of these coatings were
tested for salt spray resistance. The coatings were
all very similar in salt spray performance as can be

seen in Table 83.
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D. Addition of Chromate and Aluminum Pigments to White

Topcoats

Since the chromate pigments seemed to inhibit corrosion
1’ when used in primers, it was decided to add small quanti-

ties of chromates to some of the white topcoats. A series

was also prepared with an addition of 1% aluminum pigment,

based on total pigment. In the case of the chromates,

3% of the chromate pigments were used. All of these

coatings were somewhat yellow in color.

The results of bimetallic corrosion testing contained in
Table 84 show none of these coatings to be substantially
better than the corresponding coatings without the

chromate or aluminum pigments.

3
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White Topcoats Containing Same PVC as Olive Drab
Topcoats

Since all the original white topcoats had pigment
volume concentrations considerably lower than the
olive drab topcoats, it was decided to prepare some
white topcoats which had PVC's equal to the olive

drab topcoats.,

The olive drab coatings, as can be seen from Table 85
were better in galvanic corrosion resistance than the
corresponding white materials. The white topcoat made
from the R-6-0031: BRS-2600 was a dark buff in color

and developed cracks while drying.
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Previously Eliminated White Topcoats

Since the study of various white and extender pigments
indicated the initial pigmentation used in the white
topcoats might not be optimum, some of the white topcoats
which originally were borderline in performance were
re-evaluated with the new pigmentation. The vehicles

in these topcoats were:

(1) Dow Corning R~-6-0031: %" RS Nitrocellulose
(2) Dow Corning DC-805: %" Cellulose Acetate Butyrate

(3) General Electric SR-82: Formvar 7/70

While the galvanic corrosion resistance of some of

these white coatings was marginally better than that
of the original coatings, not enough improvement was
shown to warrant further testing., Galvanic corrosion

results can be found in Table 86.
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Silane Treatment of White Pigments

As in the case of the olive drab pigments, sulfate
process titanium dioxide was treated with silanes.
Once again topcoats made from the treated pigments
were inferior in galvanic corrosion resistance to
coatings made from untreated pigments. Coatings
containing pigments whicn had been treated by the

silane supplier were equally unsatisfactory.

White Topcoats Made from Miscellaneous Vehicles

A number of miscellaneous vehicles were used to
prepare white topcoats. None of these coatings
were considered satisfactory. Bimetallic corrosion

results may be found in Table 87.
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Section XII

Miscellaneous Testing

Optimum Thickness of Primer and Topcoat

As mentioned earlier, both primers and topcoats were
applied at thicknesses of 0,0015", It was decided to
try one system with thicknesses of 0.0005", 0.0010",
and 0.0015" for both primer and topcoat. The primer
chosen was the 301-103-A Midland R-55 system while

the topcoat was the olive drab coating made from

the same vehicle, It was determined that any thick-
ness of topcoat would be satisfactory if 0.0015" of
primer was used. In addition, if the heaviest thick-
ness of topcoat is used, 0.0010" of primer will produce
a satisfactory coating. While it is apparent that a
thickness less than 0.0015'" for both primer and topcoat
may not be necessary for optimum protection, it is
believed desirable to use as heavy a coating as possible

for best results.

Exterior Exposure Panels

Some of the preferred olive drab systems were applied
to a variety of substrates and exposed at the following

test sites:

1. South Florida
2, South Florida Tidewater

3. Waukegan, Illinois
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The coating systems exposed were:

Primer Topcoat
1, 301-103-A 301-270-C
2, 301-103-A 301-284-D
' 3. 301-275-E 301-270-C
4, 301-275-E 301-284~D
5. 301-275-E 301-264~B
6. 407 wash primer 301-270-C
7. 407 wash primer 301-284-D
8. 407 wash primer 301-264-B

The following substrates were used for the testing:

1., Dow 17 treated HK-31 magnesium alloy.

2., 24ST aluminum alloy.

3. Cold rolled steel.

4. Bonderite 1000 treated cold rolled steel.

5. Dow 17 treated HK-31 magnesium alloy coupled
with 24ST aluminum alloy.

6. Dow 17 treated HK-31 magnesium alloy coupled

with cold rolled steel.

1» These panels are presently being tested. After 12 months

exposure, the following developments have occurred:

1. The 60° gloss on all panels has decreased from

around 25° to 0°.

‘ 2, All panels have developed a heavy bronzing.
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3. All coatings have shown medium to pronounced

fading.

4, Film integrity of all coatings is excellent.

C. Evaluation of Clear Coatings

Since a great deal of time is necessary to prepare
pigmented coatings, it was decided to check the possibility
of testing a promising vehicle as a clear over primers for
resistance to galvanic corrosion. Only those vehicles
which performed well in the clear would then be made into
pigmented coatings. This idea was tried and it was felt
that it would be satisfactory for any future galvanic

corrosion testing.

It was also decided to evaluate some of these clear
coatings over some of the better white topcoats. To
obtain the necessary low gloss, however, some Syloid 162
was used to flat these clears. The flatted clears were
susceptible to water penetration and consequent galvanic

corrosion failure.

D. Riveted Bimetallic Panels
Since all bimetallic corrosion testing had been done
using the galvanic "cells", it was believed desirable
.. to prepare some coupled panels and test them for
resistance to 5% salt spray. Panels were prepared
coupling Dow 17 treated HK-31 magnesium panels with

' either cold rolled steel or 24ST aluminum alloy panels.
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The panels were fastened with 50568 aluminum alloy

rivets, It was impossible, when coupling the panels

in this manner, to completely eliminate the air space

between the panels where the two metals lapped. It was
’p also impogsible to cover this space when applying the

primer and topcoat by spray.

Panels joined in this manner were sprayed with some of
the preferred coating systems and placed in a 5% salt
spray cabinet, All failed within 48 hours due to severe
corrosion of the magnesium. In each case the corrosion

occurred at the unprotected lapped portion of the panel.

Duplicate panels were prepared, This time, however, some
unreduced primer was placed in a syringe and applied to
the problem area. The panels were primed, topcoated, and
tested as before. There was a dramatic improvement in
results. (See figs. 11 and 12) Almost all systems
developed no more than a few small blisters within 500
hours. Most coupled panels on exterior exposure testing

were protected in this manner.

E. Baked Coatings

While the provisions of this contract call for an air
1 dry coating, it was agreed that we should bake some of
the preferred systems to determine if baking would
improve their corrosion resistance. A cure of 15
minutes at 350°F. was chosen, In all cases, only the

301-275-E primer was used,




© e e vy P e
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The 301-284-D and 301-270-C systems were improved
only slightly by the bake. The 301-264-A system
was unaffected after 500 hours in the galvanic
cell, however. The 301-284-D system also was

perfect when cured 30 minutes at 400°F,
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FIG, 11

Fig. 11
5% SALT SPRAY RESULTS (ON MAGNESIUM-STEEL COUPLED PANELS)

OF OLIVE DRAB COATING SYSTEM WITHOUT AND WITH PROTECTION
OF LAPPED AREA
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FIG, 12

“4

Fig. 12

5% SALT SPRAY RESULTS (ON MAGNESIUM-STEEL COUPLED PANELS)

OF WHITE COATING SYSTEM WITHOUT AND WITH PROTECTION
OF LAPPED AREA,
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F. Final Testing of Preferred Systems
All of the promising coating systems developed

were, of course, subjected to bimetallic and
salt spray corrosion testing. In addition, they

’ were tested for resistance to MIL~S-3136 fluid and
diester lubricant. The coatings were also tested for
heat stability. The results of these tests can be found

in Table 88.

All of these coating systems are regarded as having
satisfactory resistance to the test fluids,
Those coatings which soften in the fluids soften
only slightly and recover full hardness within 24
hours. The coatings which are indicated as being
satisfactory for heat resistance are so rated
because no flaking of the coating has occurred,
Most of them, however, do become quite inflexible
but are still not easily removed from the substrate.
The 301-360-F material became very dark brown in
color and the 301-368-F coating was only slightly
less dark. All of the olive drab coatings will
withstand 2 hour exposures to temperatures as
high as 600°F, without flaking off the panel

3 although their film integrity is definitely

adversely affected by the increase in temperature,

2
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Section XIIIL

Additional Research

The preceding sections of the report cover the work
done during the contracted time. It was decided that
several promising areas required additional work and

the contract was extended for the necessary time.

A. Vinyl Coatings
Bakelite's XYHL, VAGH, and QYNV were screened in

clear coatings. The XYHL and VAGH were combined
with an isocyanate and/or tetrabutyl titanate.
The results of the screening may be found in

Table 89.

B. Epoxy Coatings

The complete range of epoxy resins was catalyzed
with varying amounts of an isocyanate. Screening

test results may be found in Table 90,
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Silicone-Polyester Coatings Catalyzed with

Isocyanates and Amines

Since we had earlier found a silicone-polyester
catalyzed with an isocyanate to produce a coating
with wost of the properties needed, some additional
testing was done in this area. Two experimental
silicone-polyester copolymers were catalyzed with
Mondur CB-75 and screened in the usual manner. In
addition, Dow Corning 2-6020 aminosilane and
triethylamine (TEA) were also evaluated as catalysts.

The test results may be found in Table 91,

Miscellaneous Materials

A number of otner polymers were also screened. Some
of these were cnosen because similar types of materials
had previously performed well. Others were included
because tieir chemical type had not been studied
before and their omission would prevent this contract

from being as complete as it could be.
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Included in the latter group are some materials not
normally associated with coatings. In many cases

it was necessary to use unusual solvents or to apply
the coatings frow dispersion to obtain continuous
films. Some materials also required the use of heat
but for preliminary screening purposes were not
eliminated for this reason. Attempts were made to
obtain inorganic polymers but these materials were
unavailable., The screening results may be found in

Table 92,

Bimetallic Corrosion and Salt Spray Testing of Primers

and Clear Coatings

A number of the clear coatings in sections XIII A-D
(above) were believed wortihy of additional testing.
These materials were evaluated in the normal manner
for resistance to galvanic corrosion. The clears

were tested over unprimed Dow 17 treated HK-31
magnesium alloy and/or over the same substrate

primed with 301-275-E calcium chromate primer. In
addition some of these resin systems were incorporated

into calcium chromate primers. Some isocyanate

.catalyzed silicone copolymers were also tested in the

galvanic cells, The silicone copolymers include
Midland X-4641, X-4646, X-4664, X-4649, X-4661,
X-4676, Dow Corning XR-6-0066, XR-6-0059, and
XR-6-0041. Galvanic corrosion test results may

be found in Table 93,
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Some of these coatings were also applied to Dow 17
treated HK-31 magnesium alloy and tested for
resistance to 5% salt spray. Salt spray exposure

results may be found in Table 94.

A number of other primer type coatings were evaluated.

These included the following:

1. International Rustproof Irco 1.0.X. 101l and
Irco 9301. These materials were used as additives

in the silicone-epoxy: polyamide primer,

2. Hercules Powder Co. Rosin Amine D, This

material was added to the same primer.

3. Amercoat Corporation Dimetcote #4 zinc silicate

coating.

4, Napko Corporation Zacrote #1360 zinc silicate

coating.

5. Union Carbide Ucar R-101 and R-104 silicone metal
treatments. These materials were used as an under- .
coat for the silicone-epoxy: polyamide primer.

The Dow Corning R-6-0031: Mondur CB-75 white

topcoat was used,

Bimetallic corrosion testing results may be found in

Table 95.
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Bimetallic Corrosion Testing of Olive Drab and
White Topcoats

Several of tihe vehicles mentioned in the preceding
sections were incorporated into olive drab and white
topcoats and evaluated for resistance to galvanic
corrosion., In each case, the 301-275-E silicone-
epoxy calcium chromate primer was used. Some of

the coatings tested were the preferred materials
developed earlier in the contract. Many of these
coatings were baked to determine their optimum
corrosion resistance. Bimetallic corrosion testing

results may be found in Tables 96 and 97.

Bimetallic Salt Spray Testing of White Coating Systems

Since the Union Carbide UCAR R-101 and R-104 metal
treatments seemed to inhibit galvanic corrosion, some
riveted panels were prepared for salt spray testing.
Each coating system consisted of either UCAR R-101

or R-104, followed by 301-275-E silicone-epoxy:
polyamide primer, and topcoated with 301-368-F
silicone-polyester: polyurethane white topcoat.
Magnesium panels were coupled with steel or aluminum
panels. Two panels of each variation were prepared,
one being coated in the normal manner and the other
having the lapped area protected with a layer of
unreduced primer. The bimetallic salt spray corrosion

results may be found in Table 98.
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Section XIV

A. Summary

The following is a summary of results of work done on

- this contract:

1. 301-275-E silicone-epuxy copolymer primer is the
preferred primer. 301-103-A silicone-epoxy ester
primer is not as highly recommended because of

three problems:

a. Adnesion of topcoats to this primer is far inferior

to the adhesion of topcoats to the 301-275-E primer.

b. This primer is far more sensitive to lifting which
may be caused by any strong solvents present in

the topcoats.

c. The cure of this primer is quite variable which
causes inconsistencies in recoatability, performance,

etc.

2. The following olive drab topcoats, listed in order of

preference, are the best that were developed:

a. 301-284-D silicone polyurethane

b. 301-270-C epoxy ester

c. 301-264-B silicone phenolic

d. 301-278-C silicone-epoxy copolymer

e. 301-278-E silicone-epoxy copolymer




- 359 -

3. Although no completely satisfactory white topcoat
has been developed, the following are superior to

others tested:

a, 301-360-F epoxy ester

< b, 301-368-F silicone polyurethane

ES

Formulas for all coatings are listed in the appendix.

4, It is believed that galvanic corrosion resistance is
directly related to panel preparation, If coupled
panels are properly protected around the lapped areas
by the unthinned coating of primer, all the coating
systems are satisfactory. If, however, no special
precautions are taken, no coating will protect the

magnesium from early failure.
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Section XV

Appendix
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B. Formulations of Preferred Coatings

All compositions are by weight and represent 100

gallons,
Primers

4 301-103-A Zinc Chromate Primer

' Midland R-55 @50% NVM 450
Plaskon ST-847 (@50% NVM 150
Imperial X-883 Zinc Chromate 163
Xylene 140
6% Cobalt Naphthenate 0.9
5% Calcium Naphthenate 1.5
4% Rare Eartn Naplithenate 0.9
Exkin #1 (Nuodex) 1.3
Nilskin (Naftone) 1.3

908.9
Weight per gallon - 9.09 pounds

Recommended thinners - Aromatic hydrocarbons
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3J1-275-E Calcium Chromate Primer

Component A

Dow Corning XR-6-0000 @60% NVM 734
Mineral Pigments #1376 Calcium Chromate 314
National Lead Bentone 27 5
?" Toluene 12.5
Cellosolve 15
Methyl Isobutyl Ketone 12.5
1093.0

Weignt per gallon - 10.93 pounds

Component B

General Mills Versamid 115 @100% NVM 157
General Electric SR-82 @60% NVM 23
Toluene 177
Cellosolve 213
Methyl Isobutyl Ketone 177

747

Weight per gallon - 7.47 pounds
Mix one volume component A with one volume component B

just prior to application.

Recommended thinner - Toluene 125 parts by weight
Cellosolve 150 parts by weight

- Methyl isobutyl ketone 125 parts by weight
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Topcoats

301-284-D Silicone Polyuretiane Olive Drab Topcoat

Component A

Imperial X-1810 C.P. Chrome Yellow Medium 226
N.J. Zinc XX-50 Zinc Oxide 63
Mapico #516 Dark Red Iron Oxide 149
C.K. Williams Superjet Lampblack 53
#282 Clay 73
Johns Manville Celite #289 19
Davison Chemical Syloid 162 21
National Lead Bentone 27 5
Dow Corning R-6-0031 @507 NVM 487
Mobay Multron R-16 @l007% NVM 56
Methyl Isobutyl Ketone 130
Dow Corning Paint Additive #1 1.5
1283.5

Weight per gallon - 12.84 pounds

Component B

Mobay Mondur CB-75 (@757% NVM 243
Methyl Isobutyl Ketone 275
Cellosolve Acetate (Polyurethane Grade) 275

) 793

Weight per gallon - 7.93 pounds
Equal volumes of Components A and B should be mixed just

before using.

Recommended thinners - Methyl isobutyl ketone or a mixture

of methyl isobutyl ketone and aromatic hydrocarbons.
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If more flexibility is desired, the following catalyst
system might be used:

Component C

Trancoa Chemical Tranco 560B @60% NVM 440
Mobay Mondur CB-75 @75% NVM - 56
Methyl Isocbutyl Ketone 176
Cellosolve Acetate (Polyurethane Grade) 176

848

Weight per gallon - 8.48 pounds

Equal volumes of Components A and C should be mixed just

prior to application.

Recommended thinners - Methyl isobutyl ketone or a blend

of methyl isobutyl ketone and aromatic hydrocarbons.

Catalyzing component A with component C (rather than
the usual catalyst, component B) will result in a more
flexible coating, similar to 301-433-J (see section X.F.

page 282)
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301-270-C Epoxy Ester Olive Drab Topcoat

Imperial X~1810 C.P. Chrome Yellow Medium 120
N.J. Zinc XX-50 Zinc Oxide 35
Mapico #516 Dark Red Iron Oxide 62
C.K. Williams Superjet Lampblack 26
3 #282 Clay 39
Johns Manville Celite #2589 11
National Lead Bentone 27 3
Midland R-55 @50% NVM 548
Xylene 158
6% Cobalt Naputhenate 0.7
5% Calcium Naphthenate 1.3
47 Rare Eartn Napnthenate 0.7
Exkin #1 (Nuodex) 1.1
Nilskin (Naftone) 1.1
Dow Corning Paint Additive #1 1.0
1007.9

Weignt per gallon - 10.08 pounds

Recommended thinners ~ Aromatic hydrocarbons

ES
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301-264-B Silicone Phenolic Olive Drab Topcoat

Imperial X-1810 C.P, Chrome Yellow Medium 172
N.J. Zinc XX-50 Zinc Oxide 41
Mapico #516 Dark Red Iron Oxide 85
: C.K. Williams Superjet Lampblack 33
#282 Clay 47
Johns Manville Celite #289 12
National Lead Bentone 27 5
Dow Corning R-6-0031 @50% NVM 318
Bakelite BRS-2600 @55% NVM 289
Dow Corning Paint Additive #1 1
Methyl Isobutyl Ketone _126
1129

Weight per gallon - 11.29 pounds

Recommended thinner - methyl isobutyl ketone.
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301-278-C Silicone Epoxy Olive Drab Topcoat

Component A
Imperial X-1810 C,P. Chrome Yellow Medium 224
Red Lead 119
N.J. Zinc XX-50 Zinc Oxide 64
Mapico #516 Dark Red Iron Oxide 88
C.K., Williams Superjet Lampblack 43
#282 Clay 74
Joins Manville Celite #289 19.5
National Lead Bentone 27 3.5
Dow Corning XR-6-0000 @60% NVM 416
Toluene 8l
Cellosolve 97
Methyl Isouvutyl Ketone _81

1310.0
Weignt per gallon - 13,10 pounds

Component B
General Mills Versamid 115 (@100% NVM §3
Toluene 204
Cellosolve 245
Methyl Isobutyl Ketone 204

736

Weignt per gallon - 7.36 pounds
Mix equal volumes of components A and B just prior to
application,
Recommended thinner -
Toluene 125 parts by weight
Cellosolve 150 parts by weight

Methyl isobutyl ketone 125 parts by weight
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301-278-E Silicone Epoxy Olive Drab Topcoat

Component A

Imperial X-1810 C.P. Chrome Yellow Medium 222
Red Lead ' 118
N.J. Zinc XX-50 Zinc Oxide 64
Mapico #516 Dark Red Iron Oxide 87
C.K. Williams Superjet Lampblack 43
#282 Clay 73
Johns Manville Celite #2389 19.5
National Lead Bentone 27 3.5
Midland X-4209 @62,5% NVM 412
Toluene 80
Cellosolve 96
Methyl Isobutyl Ketone 80
1298.0

Weight per gallon - 12.98 pounds

Component B

General Mills Versamid 115 @100% NVM 86
Toluene 204
Cellosolve 245
Methyl Isobutyl Ketone 204

739

Weignt per gallon - 7.39 pounds
Mix equal volumes of components A and B just before
application.

Recommended thinner -

Toluene 125 parts by weight
Cellosolve 150 parts by weight
Methyl isobutyl ketone 125 parts by weight




e
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301-360-F Epoxy Ester White Topcoat
DuPont Ti-Pure R-610

Davison Chemical Syloid 162
Midland R-55 @50% NVM
Methyl Isobutyl Ketone

6% Cobalt Naphthenate

5% Calcium Naphthenate

4% Rare Earth Naphthenate
Exkin #1 (Nuodex)

Nilskin (Naftone)

Weight per gallon - 10.05 pounds

Recommended tninners - Aromatic hydrocarbons

264
27
506
206
0.3
0.5

1004.9
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301-368~-F Silicone Polyurethane White Topcoat

Component A

DuPont Ti-Pure R-610 261
Micronized Talc 142
Dow Corning R-6-0031 @50% NVM 725
Mobay Multron R-16 @100% NVM __35
1163

Weight Per Gallon - 11. 63 pounds

Component B

Mobay Mondur CB-75 @757 NVM 99
Methyl Isobutyl Ketone 334
Cellosolve Acetate (Polyurethane Grade) 334
767

Weight per gallon - 7,67 pounds

Mix equal volumes of components A and B just prior to

application.

Recommended thinners - Methyl isobutyl ketone or a

mixture of metuyl isobutyl ketone and aromatic

hydrocarbons.



